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PREFACE  TO  THIRD   EDITION 


The  necessity  for  revising  the  text  for  a  new  edition  of  "  Ordinary 
Foundations  "  caused  a  general  review  to  be  made  of  tlie  literature 
on  this  subject  and  disclosed  the  fact  that  there  was  need  for  a  more 
extensive  treatise  than  had  yet  appeared  on  this  subject.  The  avail- 
able material  from  which  to  draw  for  the  new  matter  is  so  very 
extensive  and  the  immense  amount  of  data  accumulated  by  tbe 
author  in  a  varied  practice  of  over  twenty-six  years,  has  made  it 
difficult  to  decide  just  what  limits  to  set  for  a  "  Treatise  on  Sub- 
aqueous Foundations." 

The  new  matter  is  largely  practical  examples  of  work,  much  of 
which  has  been  constructed  by  the  author  or  with  which  he  has  come 
in  intimate  contact  in  a  consulting  capacity,  and  the  working  plans 
of  many  different  kinds  of  plant  have  been  included. 

These  have  had  the  test  of  actual  construction  and  use,  and  while 
they  are  not  always  perfect,  the  fact  of  actual  use  having  proved 
their  worth,  makes  them  of  peculiar  value  to  the  engineer  not  having 
other  data  of  similar  kind  at  hand. 

The  chapter  on  pile-driving  has  been  enlaiged  by  giving  conclusions 
arrived  at  on  construction  work  as  to  the  methods  best  employed 
on  work  of  this  character.  The  use  of  concrete  piles  has  become  of 
such  wide  application  that  data  on  their  construction  and  driving 
has  been  added. 

The  jetting  of  piles  has  become  so  extensive  as  to  demand  a  whole 
chapter  for  giving  the  details  of  such  plant  and  for  a  full  discussion 
of  the  best  methods  to  employ.  But  little  has  been  recorded  as  to 
the  experience  of  others,  and  the  methods  used  by  the  author  can  be 
easily  and  intelligently  modified  for  any  particular  case. 

The  growing  use  of  metal  sheet-piling  has  made  it  necessary  to 
add  considerable  data  on  this  subject.  Where  timber  has  become 
scarce  and  expensive  they  must  be  used,  and  in  locations  where 
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timber  ia  cheap,  they  can  be  economically  employed,  by  using  them 
over  again  on  other  contracts. 

The  making  of  foundations  by  the  open-dredging  process  has 
been  further  treated  by  describing  in  much  detail  two  additional 
pieces  of  work,  of  considerable  difficulty,  carried  out  by  the  author 
on  some  recent  construction. 

Additional  data  on  the  use  of  compressed-air  in  caisson  work 
have  been  given  in  the  description  of  the  great  steel  caissons  of  the 
Forth  Bridge,  in  the  account  of  the  steel  caissons  of  the  Antwerp 
quay  wall,  and  in  a  detailed  description  of  the  timber  caissons  of 
tie  Columbia  River  bridge  at  Vancouver,  Wash.  The  subject  of 
caisson  disease  has  been  summarized,  and  the  subject  of  decompres- 
sion of  the  workmen  discussed  fully  enough  for  all  practical  purposes. 

The  elementary  ideas  of  pneumatic  caisson  work  may  best  be 
obtained  from  the  chapter  on  Divers  and  Diving,  which  will  also 
prove  valuable  for  reference  to  the  engineer  on  any  kind  of  sub- 
aqueous work,  the  subject  having  been  treated  fully  enough  to  make 
it  unnecessary  to  refer  elsewhere  for  information  on  this  subject. 

The  subject  of  removing  old  piers  has  been  concentrated  in  a 
chapter  on  that  subject.  A  more  extended  discussion  of  dredges  and 
dredging  has  been  deemed  necessary  for  a  comprehensive  knowledge 
by  the  engineer  of  sub-aqueous  work,  so  that  three  chapters  on  this 
subject  have  been  added. 

Practically  all  foundation  work  requires  the  use  of  launches,  tugs 
and  scows,  and  as  there  is  practically  no  literature  on  this  subject, 
an  entire  chapter  has  been  devoted  to  it,  giving  full  enough  data  and 
enough  plans  and  working  drawings  to  enable  the  engineer  to  act 
intelligently  in  buying,  constructing  and  operating  floating  plant. 
It  is  hoped  the  author's  experience  of  many  years'  extensive  use  of 
tugs,  scows,  floating  drivers,  derrick  scows  and  dredges  will  enable 
others  to  start  on  a  better  basis  than  is  the  case  where  the  inland 
engineer  finds  himself  suddenly  dropped  down  on  salt-water  work. 

Considerable  data  has  been  added  on  the  bearing  power  of  soils, 
including  Corthell's  valuable  conclusions.  The  data  on  friction 
on  piles  and  caissons  has  been  fully  covered  and  the  index  will  dis- 
close many  references  to  it,  including  the  most  valuable  information 
of  this  kind. 

The  subject  of  quarrying  riprap  rock  for  use  in  foundations  has 
been  given  a  chapter,  as  the  engineer  will  from  this  source  gain 
valuable  data  as  well  on  the  use  of  explosives  and  on  rock  work  in 
general. 

Calculation  of  piers,  retaining  walls  and  footings  has  been  added 
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amply  in  the  desire  to  fully  cover  the  subject  of  foundations  in  this 
volume.  To  the  chapter  on  cement  and  concrete  have  been  added 
by  permission  the  valuable  tables  of  Taylor  and  Thompson  and 
such  other  data  as  was  lacking  in  former  editions.  Forms  for  con- 
crete have  been  given  in  a  separate  chapter,  to  such  an  extent  as  will 
give  a  basis  for  any  class  of  form  work. 

Entirely  new  matter  has  been  given  on  Piers  and  Wharves;  Dams, 
Seawalls  and  Retaining  Walls;  Dry  Docks  and  Locks;  and  two 
chapters  on  the  Cost  of  Foundation  Work,  in  the  endeavor  to  so  cover 
the  subject  of  Foundations  that  the  Engineer  will  not  have  to  go 
to  any  other  source  to  properly  execute  such  work.  The  many  new 
tables  and  the  novel  treatment  of  many  subjects  will,  it  is  hoped, 
meet  with  the  approval  of  the  practicing  engineer. 

Acknowledgment  is  due  particularly  to  T.  G.  McCrory,  Asso. 
Mem.  Am.  Soc.  C.E.,  for  assistance  in  preparing  many  of  the  draw- 
ings and  in  helping  to  assemble  the  data;  to  H.  D.  Fowler  for  many 
of  the  photos  used  in  illustrating  various  subjects,  and  for  drawings 
prepared;  to  Taylor  and  Thompson  for  permission  to  use  tables 
from  "  Concrete  Plain  and  Reinforced  ";  to  A.  H.  Fuller,  M,  Am. 
Soc.  C.E.,  Professor  of  Civil  Engineering,  and  to  C,  C.  More,  Asso. 
M.  Am.  Soc,  C.E.,  Professor  of  Mechanics,  at  the  Univeraty  of 
Washington,  for  valuable  consultation;  and  to  many  others  to  whom 
acknowledgment  has  been  made  in  the  text.     ' 

C.  E.  F. 
Seattle,  Wash., 
\  1913. 
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PREFACE  TO  SECOND  EDITION 


The  necessity  for  a  second  edition  of  this  book  has  made  it 
possible  td  make  valuable  additions  to  the  text,  by  which  the  subject 
of  ordinary  foundations  is  more  comprehensively  covered.  The  con- 
struction of  piers  by  the  use  of  metal  cylinders;  with  timber  cais- 
sons by  open  dredging;  and  the  construction  of  ordinary-sized 
foundations  by  the  use  of  pneumatic  caissons,  have  furnished  another 
chapter.  A  chapter  has  been  added  on  the  subject  of  foundations) 
which  covers  the  bearing  capacity  of  soUs. 

The  new  chapter  on  building  stone,  masonry,  and  the  design  of 
piers  is  intended  to  supplement  the  old  diapter  on  the  "Location  and 
Design  of  Piers." 

Enough  new  matter  has  been  added  on  cement  and  concrete  to 
form  an  additional  chapter,  which  includes  valuable  tables  giving  the 
amount  of  material  required  for  concrete  of  different  proportions. 

The  building  of  piers  of  timber  and  pile  bents,  together  with  the 
subject  of  timber  preservation,  has  been  discussed  in  a  final  chapter, 
as  fully  as  a  general  knowledge  requires. 

It  is  hoped  that  in  enlarging  the  field  covered  by  "  The  Coffer- 
dam Process  for  Piers,"  the  book  will  be  more  valuable  for  the 
practicing  engineer,  besides  giving  a  general  enough  treatment  to 
make  it  valuable  for  class  work. 

C.  E.  F. 

Seattle,  1904. 
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The  greater  part  of  foundation  work  b  of  an  ordinary  char- 
acter. And  while  difficult  foundations  have  been  quite  fully  treated 
by  engineering  writers,  ordinary  ones  have  too  often  been  passed 
over  with  mere  mention,  or  treated  in  such  a  general  way  that  the 
information  proves  of  little  value  in  actual  practice. 

Many  valuable  examples  of  wo^  of  this  character  have  been 
described  in  current  engineerii^  literature,  and  it  is  hoped  that  by 
bringing  them  together  a  real  service  will  be  rendered  the  profes- 
si<Hi,  as  well  as  much  valuable  time  be  saved  tax  considering  other 
and  equally  impwtant  problems. 

The  history  of  the  co£fer-dam  process  would  seem  to  indicate 
that  engineers  of  nearly  a  century  f^o  gave  more  consideration  to  the 
smalls  I^oblems  than  the  engineer  of  to-day,  who  has  a{^>arently 
passed  to  the  consideration  of  the  larger  and  of  course  more  inter- 
esting ones. 

That  this  is  deplorable,  is  proven  by  the  many  cases  where 
money  has  been  wasted  in  the  after  effort  to  make  good  the  mis- 
takes that  have  become  apparent  where  cheap  construction  of  coffer- 
dams has  been  resorted  to.  The  saving  in  original  cost,  as  between 
an  indefensible  method  and  a  defensible  one,  is  often  so  small  as  to 
seem  absurd  when  it  bas  become  necessary  to  make  large  expendi' 
tures  to  rectify  the  errors. 

Errors  of  judgment  are  more  easily  excusable  with  regard  to 
foundations  than  with  any  other  class  of  construction,  but. where 
definite  limits  can  be  set,  economy  will  result  by  keeping  as  closely 
as  possible  within  them. 

Reference  is  made  in  the  following  pages  to  the  splendid  con- 
stmctton  of  foundations  by  the  Romans,  where  they  could  be  built 
outside  the  water.  The  Pont  du  Gard,  illustrated  in  the  frontis- 
piece, b  the  most  notaUe  example  of  this  octant.  It  is  interesting 
also  as  indicating  their  knowledge  of  the  better  form  of  [nera  and 
methods  of  arch  codstruclioB. 
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Although  constructed  during  the  reign  of  the  Emperor  Augustus, 
at  the  beginning  of  the  Christian  era,  it  is  in  a  remarkable  state  of 
preservation,  aside  from  repairs  that  have  been  made  from  time  to 
time. 

Probably  the  earliest  recorded  examples  of  the  use  of  coffer-dams 
which  give  details  of  construction  are  those  constructed  under  the 
er^;ineers  of  the  Fonts  et  ChausSes. 

Those  built  under  Perronet  at  the  bridge  of  Orleans  were  large 
and  extensive,  and  references  made  to  the  pile-drivers  and  the  pumps 
used  on  the  work,  serve  to  illustrate  the  great  amount  of  attention 
paid  to  planning  the  details  of  construction. 

The  same  engineer  completed  the  piers  of  the  bridge  at  Maates, 
where  the  coffer-dams  were  constructed  to  inclose  both  the  abutment 
and  the  nearest  pier  within  one  dam,  making  the  dimensions  about 
150  feet  by  200  feet  in  the  extreme. 

Hardly  less  notable  were  the  cofferndams  at  Neuilly,  where  the 
interiors  were  so  large  that  the  excavation  did  not  approach  near  the 
inside  wall  of  the  dam. 

All  of  these  were  constructed  prior  to  the  year  1775,  and  the 
details  as  shown  in  the  elaborate  drawings  are  of  much  interest  to 
the  engineer  engaged  on  similar  works. 

The  coffer-dams  constructed  about  1825  by  Rennie  on  the  new 
London  bridge  were  the  prototypes  of  those  used  at  Buda  Festh, 
but  were  elliptical  in  form.  They  were  designed  with  as  much  care, 
apparently,  as  any  other  feature  of  the  bridge,  and  from  the  fact 
that  the  water  was  pumped  to  twenty-nine  feet  below  low  water 
and  the  work  found  tight,  the  details  must  have  been  very  carefully 
executed. 

However  great  the  amount  of  care  bestowed,  there  will  be  cases 
undoubtedly  where  the  difficulties  cannot  be  foreseen,  and  it  will 
become  necessary  to  adopt  some  of  the  many  expedients  dted  to 
overcome  them;  or  they  might  better  be  employed  from  the  start, 
where  any  suspicion  is  had  that  trouble  may  ensue. 

The  question  as  to  whether  it  will  be  best  to  use  a  crib  or  a  sheet- 
pile  coffer-dam  will  almost  always  be  decided  by  the  character  of  the 
bottom,  the  location,  and  the  character  of  the  foundation  to  be  built. 
It  is  advisable,  whichever  type  is  selected,  to  make  the  size  large 
enough,  so  that  the  excavation  may  be  completed  without  approach- 
ing too  close  to  the  inside  wall  of  the  dam,  and  so  that  plenty  of 
room  may  be  had  for  the  laying  of  the  foundation-courses. 

The  unit  stress  adopted  for  timber  construction  is  Ijelieved  to  be 
as  large  as  will  give  good  results  in  the  majority  of  cases,  both  00 
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account  of  the  possibility  of  the  construction  having  to  undergo  more 
severe  usage  than  is  expected,  and  on  account  of  the  grade  of  timber 
which  is  most  often  made  use  of  for  temporary  works. 

Where  it  is  permissible  from  the  standpoint  of  true  economy,  it  is 
believed  that  steel  construction  will  commend  itself  for  use.  In  most 
localities  it  will  not  be  long  until  metal  construction  will  be  found 
cheaper  than  timber  for  building  coffer-dams,  and  in  many  places 
this  is  already  true. 

A  great  mistake  is  made,  in  nearly  nine  cases  out  of  ten,  by 
trying  to  use  old  machinery,  such  as  hoisting-engines,  pumps,  and 
the  like,  which  are  ill  adapted  to  the  purposes  for  which  they  are 
intended,  on  account  of  lack  of  capacity,  and  only  too  often  on 
account  of  having  outgrown  their  usefulness. 

The  engineer  would  avoid  many  unpleasant  situations  by  demand- 
ing that  a  proper  outfit  be  provided,  and  in  the  end  gain  the  thanks 
of  the  contractor  for  increased  profits- 
Extended  acquaintance  with  Portland  cement  is  increasing  the 
use  of  concrete  in  construction,  and  this  is  a  great  gain  for  the 
engineer,  as  it  is  not  only  superior  to  much  stone  that  is  used,  but  is 
better  adapted  to  uae  in  difficult  situations.  It  also  lends  itself  more 
readily  to  use  for  ornamental  details  in  pier  construction.  That 
truly  ornamental  piers  are  not,  however,  those  with  needless  and 
frivolous  details,  has  been  clearly  set  forth  in  the  last  article.  Sim- 
plicity and  beauty  are  near  relatives.  The  best  locations  cannot 
always  be  chosen  for  piers,  but  careful  examination  will  often  be  the 
means  by  which  bad  locations  may  be  avoided. 

The  methods  for  determining  the  economic  division  of  a  given 
crossing  of  a  river  have  not  come  into  general  use,  probably  on 
account  of  lack  of  easy  application.  The  method  given  is  an 
accurate  one  and  very  simple  to  use,  especially  if  the  results  are 
tabulated  for  a  g^ven  loading. 

C.  E.  F. 
New  York  City,  1900. 
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476.  Brunswick  Wharf  Iron  Sheet-piliog 765 

477.  Original  Pile  Proposed  (or  Brunswick 766 
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Chaiacter  of  Bottom. 


River  200  feet  wide,  Ohio 

Qyde  at  Gla^ow 

Estuary  or  Harbor 

Danube  at  Buda  Pesth 

Kanawha  near  moulh 

Ohio  near  head 

Western  pert  United  States 

St.  Lawrence,  lower  river.. . 

Arnprior  Bridge 

New  Mexico,  underflow 

Arkansas  at  Tulsa 

Western  part  United  Sutes 

Republican  in  Kansas 

Western  part  United  States. 

Western  part  United  States 

Payette  and  Weiser,  Union  Pac. . 

ssippi,  Fort  Madison 

SrhuylltillnearPhila.,  Pa 

"       1  River,  Wash 

U.  S.  Canal,  Keokuk 

Mississippi,  St.  Louis 

Queen's  Bridge 

Harlem  Ship  Canal 

Arthur  Kill  Bridge 

Coteau  Bridie.  C.  Pac.  Ry 

Mystic  River,  Boston 

Ann  Arbor,  Mich.,  M.  C.  Ry.  .  .  . 

Arthur  Kill  Bridge 

Boston  Harbor,  sewer 

Illinois  River,  La  Grange 

Kankakee  at  Momence 

Potomac  at  Harper's  Ferry 

Charlestown  Bridge,  Boston 


Seattle,  Wash 

rennessee  at  Chattanooga 

Cumberland,  Md 

Mississippi ,  Sandy  Lake. 

Arkansas,  Little  Rock 

Famitx,  Stettin,  Germany 

Coosa,  Gadsden,  Ala 

Schuylkill,  P.  &R.R.R 

St.  Helier  Bridge,  Jersey,  Eng. . 

Thames  at  Putney 

■ia  (B.  C.)  Docks 

KawatTopeta 

Firth  of  Forth 


Slight 

Tide. 

Swift. 

SwifL 

Moderate. 

Moderate. 

Swift. 

Swift. 

Moderate. 

Moderate. 

Moderate. 

Moderate. 

Moderate. 

Moderate. 

Swift. 

Moderate. 

Swift. 

Swift. 

Swift. 

Moderate. 

Tide. 

Moderate. 

Tide. 

Moderate. 

Tide. 

Tide. 

Moderate. 

Moderate. 

Swift. 

Tide. 

Tide 

Swift. 

Moderate. 

Swift. 

Moderate. 

Moderate. 

Moderate. 

Swift. 

Tide. 

Moderate. 

nde. 

Swift. 

Tide. 


Cemented  gravel. 

Gravel,  sand,  mud. 
Sand  &  gravel  over  day. 
Gravel  over  clay.    . 


Soft. 
Rock. 
Rock. 

Gravel  o 

Soft. 


Gr.'.vi 


Soft. 

Soft. 

Mud  over  rock. 

Gravel  and  boulders. 

Rock. 

Rock. 

Rock. 

Rock. 

[Clay  over  rock. 

Rock. 

Rock. 

Mud  and  clay. 

Sand  and  gravel. 

Sand  and  mud. 

Rock. 

Rock. 

Soft. 

Soft. 

Soft  sand. 

Gravel  o\'er  cock. 

Sand  over  bardpan. 

Clay. 

Gravel  over  rock. 

Rock. 

liirlh  over  rock. 

Mud. 

Rock. 

Rock. 
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c-Ss;^™ 

Ia«de 

Kind  of  Puddle. 

Tbick- 
pSddle. 

Remarki. 

& 

1 

Earth  bank. 

lo'Xfo'? 

Clay  and  gravel. 

s'+ 

No  leaks. 

6 

~ 

Sheet-piles. 

w'XsS'? 

Clay. 

3' 

6 

Sheet-pile,. 

Large. 

Clay,  sand,  &  gravel. 

3-6' 

Typi«.!. 

8 

3 

Sheet-piles. 

72' X 136'-!- 

Clay  and  gravd. 

i-S' 

Difficult. 

9 

4 

Eanh  bank. 

9o'X33o' 

Clay  and  gravel. 

19'+ 

23 

S 

Earth  bant.> 

100' X  600' 

Clay  and  gravel. 

Failed. 

25 

6 

Crib. 

Medium. 

Clay. 

3'+ 

*S 

7 

Crib,  single. 

'A'Xis' 

Concrete  inside. 

26 

8 

Crib,  single. 

i6'X34' 

Concrete  in^de. 

27 

9 

Crib,  angle. 

I7'X43' 

Clay  outside. 

Special. 

49 

Crib,  single. 

Medium. 

Clay  outside. 

29 

Sheet-piles. 

Medium. 

Typical, 

29 

12 

Sheet-pi  lea. 

Medium. 

Clay  outside. 

29 

■3 

Sheet-piles. 

Medium, 

Clay  outwde. 

29 

14 

Medium. 

Clay. 

f  Equal 
I  depth. 

19 

"S 

Boi  or  crib. 

ij'X36' 

None. 

On  grillage. 

39 

16 

Staves. 

None. 

On  grillage. 

31 

'7 

Sbeet-piles. 

None. 

Failed. 

31 

iB 

Ix>g  crib. 

Urge. 

Clay  and  gravel. 

6'-!- 

Seep,  large. 

36 

19 

Canvas  on  plank. 

80'  long. 

Rotten  manure. 

Bulkhead. 

40 

Crib,  double. 

i8'X64' 

Clay. 

3'o" 

I^anvas  used. 

45 

Box  and  canvas. 

^"'"dkm 

CUy  oustide. 

Movable. 

46 

It 

Polygon  crib. 

Clay. 

4' 6" 

47 

23 

Polygon  crib. 

m'  diam. 

Clay  and  gravel. 

S'o" 

49 

24 

Crib,  single. 

34'  diam. 

Concrete  inside. 

5° 

^S 

Basket  crib. 

60'  diam. 

None. 

5° 

26 

Sheet-piles. 

I3'X44' 

Clay  and  gravel. 

2' 8" 

lis 

27 

Sheet-piles. 

Large. 

None. 

Two  trials. 

116 

28 

Sheet-pUes. 

12'  fride. 

Clay. 

6-8' 

116 

19 

Sheet-piles. 

Medium. 

None. 

119 

30 

Sheet-fMles. 

Medium. 

Gravel. 

Two  trials. 

119 

3t 

Sheet-piles. 

Medium. 

Gravelly  clay. 

32 

Sheet-piles. 

i8'6"Xii9' 

Concrete  Inade. 

33 

Sheet-piles. 

W  diam. 

Sand  and  concrete. 

7'+ 

IZI 

34 

Sheel-piles. 

3o'Xs6' 

None. 

Very  Tight. 

123 

35 

Sheet-piles. 

Large. 

Clay. 

O'o" 

129 

36 

Sheet-piles. 

.S'XsC 

None. 

•30 

37 

Sheet-piles. 

829'  long. 

Clay. 

8'± 

13* 

38 

Sheet-piles. 

i6'X38' 

Earth  outside. 

134 

39 

Sheet-piles. 

'3'XSS'± 

Clay. 

2-4' 

Removal. 

271 

40 

Sheet-piles. 

28'Xa8'± 

Clay. 

!}'  + 

Removal. 

273 

Sheet-piles. 

i6'X42'. 

Clay  and  gravel. 

»'+ 

Movable. 

134 

42 

Sheet-pnes. 

Medium. 

Clay  outside. 

137 

Sheet-piles. 

Medium. 

None. 

■37 

44 

Sheet-piles. 

Soo'  long. 

Clay. 

2-7' 

»37 

4S 

Sheet-piles. 

.8'XS5' 

Clay  outside. 

■38 

46 

Metal. 

60'  diam. 

Concrete  seal. 

162 

47 
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SUB-AQUEOUS   FOUNDATIONS 


CHAPTER  I 
raSTORICAL  DEVELOPMENT 

The  continued  increase  in  the  weight  of  oiir  bridge  superstruc- 
tures and  of  the  loads  they  have  to  carry  has  led  to  increased  care,  to  a 
very  gratifying  degree,  in  the  preparation  of  the  foundations  for  bridge 
piers  and  abutments. 

An  old  authority  very  truly  states  "  The  most  refined  elegance 
of  taste  as  applied  in  the  architectural  embellishment  of  the  struc- 
ture; the  most  scientific  arrangement  of  the  spans  and  disposition 
generally  of  the  superior  parts  of  the  work;  and  the  most  judicious 
and  workmanlike  selection  and  subsequent  combination  of  the 
whole  materials  composing  the  edifice,  are  evidently  secondary  to 
the  grand  object  of  producing  certain  firm  and  solid  bases  whereon  to 
carry  up  to  any  required  height  the  various  pedestals  of  support  for 
the  spans  of  the  bridge." 

There  is  every  reason  to  believe,  from  the  bridges  of  the  Romans 
still  extant  and  of  those  of  ancient  and  mediaeval  times  of  which 
there  are  remains  or  records,  that  the  foundations  were  carefully 
considered. 

The  most  ancient  form  was  likely  begun  by  dumping  in  loose 
stones  until  the  surface  of  the  water  was  reached  and  the  masonry 
could  then  be  commenced  without  the  necessity  for  any  method  of 
excluding  the  water.  The  oldest  dvilizations  were  in  tropical  or 
semi-tropical  countries  where  the  streams  are  dry  beds  for  many 
months  in  the  year  and  suitable  foundations  were  easily  made  with- 
out water  to  contend  with.  Where  the  bottom  of  the  stream  was 
rock,  the  engineering  could  be  very  little  improved  upon  to-day, 
and  even  where  there  was  shallow  water  on  rock  bottom,  the  piers 
were  well  founded  in  the  shallowest  places;  the  bridge  often  winding 
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across  the  stream  in  serpentine  form,  similar  to  the  bridge  over 
the  river  Karun,  at  Shuster,  Persia.     (Fig.  i.) 

The  arch  was  developed  to  such  an  extent  by  the  Romans  and 
the  spans  were  increased  to  a  length  which  rendered  the  construc- 
tion of  piers  in  the  water  unnecessary  for  short  bridges,  the 
abutments  or  skew-backs  being  without  the  stream  on  either  bank. 

The  difficulty  of  founding  piers  in  midstream  was  doubtless  the 
controlling  cause  for  the  larger  spans,  such  as  the  one  built  at 
Trezzo,  over  the  river  Adda,  by  order  of'  the  Duke  of  Milan,  some 
time  prior  to  the  year  1390.  The  span  at  low  water  was  251  feet, 
the  single  arch  being  of  granite  in  two  courses.  The  placing 
of  a  middle  support  was  doubtless  found  to  be  impracticable  and 
caused  the  design  of  an  arch  which  has  seldom  been  equaled  or 
eclipsed.     (Fig.  2.) 

The  construction  of  roads  has  ever  been  the  harbinger  of 
civilization,  and  with  the  spread  of  civilization  came  a  demand  for 
the  improvement  of  means  of  communication.  The  engineer  was 
called  upon  to  construct  better  and  greater  bridges  in  a  perma- 
nent manner,  which  led  to  the  origin  and  development  of  the  four 
methods  for  founding  in  water  that  were  used  in  olden  times. 
These  may  be  classified  4s,  first,  the  method  with  open  caissons; 
second,  the  use  of  piles  with  a  capping  of  coarse  concrete  about  the 
tops;  third,  the  use  of  piles  after  the  manner  of  the  French  encaisse- 
ment;  and  fourth,  the  use  of  coffer-dams.  A  fifth  method  might 
be  added,  in  which  the  bridge  was  built  on  dry  land'  adjacent  to  the 
stream,  and  the  river  diverted  to  a  new  channel  afterwards  ex- 
cavated under  the  completed  structure.  This  is,  however,  an  avoid- 
ance rather  than  a  solution,  unless  the  rivei  is  to  be  diverted  in 
the  course  of  its  improvement. 

The  first  method,  as  described  in  old  treatises  or  accounts, 
consisted  of  little  more  than  baskets  formed  of  branches  of  trees, 
weighted  with  stone  to  sink  them,  and  after  sinking  filled  with  loose 
stone  to  near  low-water  level,  where  the  masonry  could  be  com- 
menced. These  baskets  were  similar  in  construction  to  the 
mattresses  used  in  the  bank  revetment  of  the  Mississippi  or  the 
bamboo  casings  used  by  the  Japanese  to  hold  stones  in  place  on 
bank  protection. 

An  improvement  was  effected  by  using  in  place  of  baskets,  boxes 
or  small  open  caissons  which  were  'sunk  and  filled  in  the  same 
manner,  several  being  used  for  one  pier.  This  was  the  method  used 
at  Blackfriars  bridge  and  also  at  Westminster  bridge,  over  the 
Thames,  and  has  been  much   used  in    recent  times,  the   caisson 
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being  built  large  and  strong  enough  for  the  entire  pier,  which  is 
built  up  as  the  caisson  sinks. 

The  second  method  consisted  of  driving  piles  over  the  area  of 
the  foundation  until  the  heads  were  below  low-water  level,  and 
spaced  at  distances  apart  as  required  by  the  nature  of  the  bottom, 
similar  to  the  methods  in  vogue  to-day,  Tht;  heads  of  the  piles 
were  not  driven  to  the  same  level,  however,  and  were  incased  in  a 
form  of  coarse  concrete  such  as  was  used  by  the  Romans,  but  what 
is  now  called  beton.  This  was  leveled  up  and  on  it  wa5  laid  the 
stone  for  the  footing  course  of  the  pier. 


Fig.  2.— Bridce  over  the  Adda  at  Trezko,  Milan,  a  Probable  Restobatiok. 
(The  shaded  portion  of  arch  rings  is  all  that  remains.) 

The  third  method  of  encaissement  was  probably  an  improvement 
of  the  dumping  in  of  loose  stone  on  which  to  place  the  pier,  and  con- 
sisted in  inclosing  the  space  for  the  pier,  with  sheet-piling,  after 
which  the  loose  materia!  was  removed  from  the  bottom  as  much 
as  possible  and  the  stone  dumped  inside  until  nearly  up  to  low  water, 
at  which  time  the  pier  could  be  begun. 

These  last  two  methods  doubtless  met  with  much  favor,  owing 
to  the  familiarity  with  pile-driving,  in  which  the  Romans  especially 
were  proficient-  C.Tsar's  bridge  over  the  Rhine  was  built  entirely 
on  piles,  and  in  a  view  of  it  after  the  old  print  in  the  Museum  de  St. 


D.qit.zeaOvGoOt^lc 


HISTORICAL  DEVELOPMENT  5 

Gemtaine,  is  pictured  a  pile-driver  on  a  float  in  position  for  driving. 
(Fig.  3-) 

This  third  method  was  the  eariy  type  of  the  crib,  which  has  been 
such  a  factor  in  the  buiiding  of  the  earlier  foundations  over  our 
American  rivers.  Crossed  timbers  laid  up  crib  fashion  with  rectan- 
gular openings  or  cells  between  the  timbers  were  sunk  and  filled 
with  broken  stone  on  which  to  build  the  pier. 

These  methods  were  all  deficient  in  affording  no  means  of  seeing 
or  making  a  careful  examination  of  the  bottom  on  which  the  founda- 
tion was  to  be  placed,  and  with  the  advent  of  more  permanent  struc- 
tures of  greater  magnitude  the  coiTer-dam  came    into  use.     This 


Fig.  3.— C«sab's  Bridge  oveb  the  Rhdje. 

allowed  the  bottom  to  be  freed  from  water,  and  after  a  careful 
examination  and  preparation  of  the  foundation,  the  work  could 
proceed  in  the  dry  until  above  water-level. 

The  pneumatic  caisson  is  now  in  general  use  for  all  foundations 
that  must  go  to  any  considerable  depth  below  the  water  and  has 
even  been  used  in  some  instances  where  the  depth  was  slight,  but 
where  for  various  reasons  it  was  deemed  expedient  to  use  compressed- 
air  caissons.  Recent  expressions  from  some  engineers  of  high  stand- 
ing would  indicate  that  they  do  not  consider  it  good  practice  to 
use  coffer-dams  in  any  case,  one  making  the  statement  that  he  had 
not  used  a  coffer-dam  for  thirty  years,  while  another  seemed  to 
think  it  a  matter  to  be  left  to  the  pleasure  of  the  contractor. 
That  the  use  of  this  method  has  gotten  into  disfavor  seems  to  be 
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beyond  question  and  it  will  be  the  purpose  of  the  succeeding  pages 
to  learn  to  some  extent  why  this  is  so,  but  mainly  to  show  from 
successful  examples  how  to  proceed,  that  success  instead  of  failure 
may  result.  Any  attempt  to  account  for  the  origin  of  the  coffer- 
dam process  would  be  futfle,  inasmuch  as  the  savage,  wishing  to 
free  a  space  from  water,  doubtless  banked  up  earth  about  the  area 
and,  scooping  out  the  water  with  his  hands,  laid  the  ground  bare 
for  inspection.  From  so  simple  a  beginning,  the  first  method  likely 
to  occur  to  a  mind  capable  of  reasoning,  can  readily  be  imagined 
the  course  of  development  of  coffer-dams. 

The  most  simple  form  in  use  at  the  present  time,  where  the 
water  is  quiet,  is  shown  in  Fig.  4,  and  consists  principally  of  a  bank 
of  earth  which  is  made  thick  enough  to  be  nearly  or  quite  imper- 
vious to  water,  the  earth  being  prevented  from  caving  into  the 
excavation  by  piles  supporting  a  timber  casing.  Some  of  the 
recorded  examples  of  the  early  use  of  this  process  are  of  interest  in 
illustrating  the  care  which  has  been  bestowed  upon  their  construction 
in  important  works  and  will  call  attention  to  that  incessant  care  which 
is  necessary  to  success  in  any  work  of  this  character, 

Robert  Stevenson,  the  great  English  engineer,  thought  it  not  be- 
neath his  dignity  to  give  full  instructions  as  to  the  construction  of 
the  coffer-dams  for  tlie  Hutriieson  bridge  over  the  Clyde  at  Glasgow. 
The  bridge  consisted  of  five  arch  spans,  the  total  length  between  the 
abutments  being  404  feet  and  the  width  38  feet.  The  four  piers  were 
from  II  to  12  feet  in  thickness,  being  designed  to  take  up  the  arch- 
thrust,  and  48  I'eet  in  length  at  the  footing.  The  specifications 
written  at  Edinburgh  in  April,  1828,  are  so  exjjlicit  that  they  will 
be  quoted  in  full  on  this  point:  "  It  having  been  ascertained  by 
boring  and  mining  that  thfe  subsoils  of  the  bed  of  the  river  consist 
of  gravel,  sand,  and  mud  to  the  depth  of  27  feet  and  upwards,  it 
becomes  necessary  to  prepare  foundations  of  pile-work  for  the  bridge; 
and,  therefore,  to  insure  the  proper  and  safe  execution  of  the  works, 
coffer-dams  are  to  be  constructed  around  each  of  the  foundation- 
pits  of  the  two  abutments  and  four  piers  of  such  dimensions  as  to 
afford  ample  space  for  driving  piles,  fixing  wale-pieces,  laying  plat- 
forms, pumping  water,  and  setting  the  masonry;  and  likewise  for 
the  construction  of  an  inner  or  double  coffer-dam  should  this  ulti- 
mately be  found  necessary.  The  framework  of  the  coffer-dams  is  to 
consist  of  not  less  than  two  rows  of  standard  or  gage-  and  sheeting- 
piles,  kept  at  not  less  than  3  feet  apart  for  the  thickness  of  a  puddle- 
wall  or  dyke,  which  space  is  to  be  dredged  to  a  depth  of  not  less 
than  9  feet  under  the  level  of  the  summer  water-mark  above  d&- 
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scribed,  before  the  sheeting-piles  are  driven.  The  gage  or  standard 
piles  are  to  measure  not  less  than  24  feet  in  length  and  10  inches 
square.  They  are  to  be  placed  3  yards  apart  and  driven  perpen- 
dicularly into  the  bed  of  the  river  to  the  depth  of  16  feet  under 
the   level  of  the   summer  water-mark,    thereby   leaving   8  feet   of 


Fig  4. — A  Primitive  Solution. 

their  length  above  that  mark.  Runners  or  wale-pieces  of  timber  9 
inches  square  are  then  to  be  fitted  on  both  sides  of  each  row  of 
gage-piles,  to  which  they  are  to  be  fixed  with  two  screw-bolts  of 
not  less  than  i  inch  in  diameter,  passing  through  each  of  the  gage- 
piles.  One  set  of  these  inside  and  outside  wale-pieces  is  to  be 
placed  at  or  below  the  level  of  summer  water-mark,  and  the  other 
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set  within  i  foot  of  the  top  of  each  row  of  said  piles,  the  whole  to 
be  fijced  with  screw-bolts  in  the  manner  above  described.  The 
wale-pieces  are  to  be  4^  inches  apart  in  order  to  receive  and  guide 
the  sheeting-piles.  This  is  to  be  effected  by  notching  the  wale- 
pieces  into  the  gage-piles.  The  sheetJng-piles  are  to  be  21  feet  in 
length,  4J  inches  in  thickness,  and  not  exceeding  9  inches  in 
breadth.  They  are  to  be  closely  driven,  edge  to  edge,  along  the  space 
left  between  the  walings,  and  each  compartment  of  the  sheeting 
between  the  gage-piles  is  to  be  tightened  with  a  key-pile.  The 
coffer-dam  frames  are  to  be  properly  connected  with  stretchers  and 
braces  before  commencing  the  interior  excavation.  Each  coffer-dam 
is  to  be  provided  with  a  draw-sluice,  14  inches  square  in  the  void, 
with  a  corresponding  conduit  passing  through  the  puddle-dyke  at 
the  level  of  sunmier  water-mark.  To  render  the  coffer-dams  water- 
tight the  whole  excavated  space  between  the  two  rows  of  piling  is 
to  be  carefully  cleared  of  gravel,  sand,  or  other  matters,  to  the 
specified  depth,  and  clay  well  punned  or  puddled  is  then  to  be  filled 
in  and  carried  up  to  the  level  of  the  top  of  the  sheeting-piles.  But 
if  it  shall,  notwithstanding,  be  found  that  the  single  tiers  of  coffer- 
dam do  not  keep  the  foundation-pits  sufficiently  free  of  water  for 
building  operations,  the  water  mi^st  either  be  pumped  out  and  kept 
perfectly  under  by  steam  or  other  power,  or  else  excluded  by  the 
construction  of  a  second  tier  of  coffer-dam  similar  in  construction  to 
the  first.  For  the  foundation-pits  of  the  two  abutment  piers  on 
either  side  of  the  river  it  is  not  expected  that  more  will  be  required 
on  tbe  landward  side  for  keeping  up  the  stuff  than  a  single  row  of 
gage-  and  sheeting-piles;  but  if  the  engineer  shall  find  other 
works  necessary  upon  opening  the  ground  they  must  be  executed 
by  the  contractor  and  shall  be  paid  for  agreeably  to  the  contract 
schedule  of  prices  for  the  regulation  of  extra  and  short  works.  The 
stuff  within  the  coffer-dams  is  to  be  excavated  to  the  depth  of  10  feet 
under  the  level  of  summer  water-mark  for  each  of  the  piers  and  8 
feet  for  each  of  the  abutments." 

The  present  practice  of  leaving  all  this  to  a  contractor,  whose 
idea  Is  too  often  to  sacrifice  everything  to  cheapness,  appears  in 
very  unfavorable  contrast  to  this  careful  description. 

An  article  on  founding  by  means  of  coffer-dams,  published  in 
1843,  gives  directions  for  placing  a  coffer-dam  in  40  feet  of  tide- 
water; and  although  the  engineer  of  to-day  might  use  some  other 
method  for  such  a  depth,  an  illustration  (Fig.  5)  and  short  descrip- 
tion of  it  are  given,  as  ideas  may  be  gained  for  application  to  ordinary 
works. 
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The  water  was  assumed  at  lo  feet  deep  for  low  tide,  28  feet  at 
high  tide,  with  12  feet  of  sand  and  gravel  to  be  removed  to  expose 
the  day  on  which  the  pier  was  to  rest.  Four  rows  of  piles  were 
to  be  driven  around  the  area,  the  outer  row  to  within  i  foot  of  low 
water,  the  two  rows  in  the  middle  to  within  3  feet  of  high  water,  the 
inner  row  to  11  feet  above  low  water,  and  all  to  be  down  5  feet  into 
the  clay.  The  outer  row  of  piles  to  be  6"Xi2",  the  two  rows  in 
the  middle  i2"Xi2",  and  the  inner  row  8"Xi2";  all  driven  close 
together  and  to  have  waling-pieces,  braces,  and  brace  rods  as  shown 
in  cross-section.  The  rows  to  be  6  feet  apart  and  to  be  filled  in  be- 
tween with  a  puddle  of  clay  mixed  with  sand  and  gravel. 

The  report  of  W.  Tiemey  Clark,  the  engineer  of  the  Buda  Pesth 
suspension  bridge,  gives  an  account  of  what  are  probably  the  largest 


Fig.  S- — Coffer-dam  in  Thje-watzr. 

bridge  coffer-dams  ever  constructed.  Some  other  method  would 
now  be  used  for  such  a  location,  but  this  fact  will  not  detract  from 
the  lessons  tliat  may  be  drawn  from  them. 

The  Danube  was  crossed  at  Buda  Pesth  previous  to  the  year  1837 
by  means  of  a  bridge  of  boats  which  had  to  be  taken  up  during  the 
winter  and  the  passage  made  by  ferry  or  on  the  ice,  so  that  for  six 
months  of  each  year  there  was  great  risk  in  crossing  and  frequent 
loss  of  life.  The  building  of  a  permanent  bridge  was  brought  about 
through  the  efforts  of  the  Count  Szechenyi,  who,  as  a  member  of 
a  committee,  proceeded  to  England  in  1832  and  after  a  careful  in- 
vestigation of  existing  works  decided  upon  the  construction  of  a 
suspension  bridge.  The  greatest  question  for  solution  was  the 
founding  of  the  two  towers  in  a  river  like  the  Danube,  where  the  ice 
throughout  the  long  winter  wrought  havoc  with  everything  in  reach. 
The  ice  in  the  river  in  February,  1838,  was  from  6  to  10  feet  thick 
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near  the  site  of  the  proposed  piers.  On  March  9,  a  movement  oc- 
curred across  the  whole  river  and  for  a  length  of  350  yards,  the 
whole  moving  in  a  solid  mass.  On  March  13  it  moved  again  400 
yards  and  three  hours  later  a  general  breaking  began.  The  ice  piled 
up  on  the  shoals,  causing  a  sudden  rise  to  29  feet  5  inches  above 
zero,  and  while  it  was  at  this  height  for  only  a  few  hours,  it  is  re- 
corded that  a  great  part  of  Buda  and  two-thirds  of  Pesth  were 
destroyed  and  many  lives  lost. 

The  extraordinary  design  of  the  coflfer-dams  can  the  more  readily 
be  understood  after  this  description,  it  being  doubted  by  many 


Fig.  6. — Buda  Pesth  Suspension  Bbidoe, 

persons  at  that  time  whether  piers  could  be  placed  in  the  river  by 
any  means.     (Fig,  6.) 

The  drawings  reproduced  are  of  coffer-dam  No.  3,  which  was 
about  72  feet  in  width  and  about  136  feet  in  length  inside  the  puddle 
walls,  there  being  two  puddle  chambers,  each  5  feet  in  width. 
From  a  point  about  13  feet  above  the  clay  on  which  the  tower  was 
to  rest,  was  an  inside  wall  of  sheet-piling,  this  space  being  nearly 
filled,  after  excavating,  with  a  bed  of  concrete.  The  piling  of  each 
row,  from  40  to  80  feet  in  length,  was  all  carefully  sized  to  1 5  inches 
square,  shod  with  iron  and  driven  close  together,  penetrating  20  feet 
below  the  bed  of  the  stream  or  40  feet  below  the  zero  level.  The 
framing  of  the  ice-breaker  and  the  bracing  within  the  dam  was  of 
enormous  strength.  The  number  of  piles  driven  in  the  four  coffer- 
dams reached  the  enormous  total  of  5,224,  and  of  the  1,227  driven 
in  dam  No.  3,  i6-i  per  cent,  were  drawn  and  redriven.     These  piles 
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and  the  timber  were  obtained  from  the  forests  of  Bavaria  and 
Upper  Austria.     (Fig.  7.) 

The  first  pile  on  dam  No.  3  was  set  on  April  8,  1842,  but  owing 
to  the  difficulties  encountered  it  was  not  finished  until  three  years 
later — April  4,  1845.  From  six  to  seven  days  were  occupied  at  the 
first  in  driving  a  pile  to  a  depth  of  s  or  6  feet  into  the  clay,  but  as 
the  work  progressed  the  difficulty  increased,  the  operation  of  driving 
one  pile  consuming  from  twelve  to  fourteen  days,  many  piles  break- 
ing short  off  so  they  could  not  be  withdrawn,  and  the  gravel  was 
dre<^ed  out  from  behind  and  a  second  row  driven.  The  report 
further  describes  the  difficulty  of  the  work:  "  The  dredging  for  the 
No.  3  dam  was  carried  on  to  the  average  depth  of  44  feet  from  the 
top  of  the  outer  row  of  piles,  leaving  about  10  feet  of  gravel  to  drive 
through,  and  extra  piles  were  driven  where  the  gravel  found  its  way 
between  the  piles,  as  well  as  where  it  was  known  the  piles  were  not 
driven  to  the  proper  depth,  or  were  broken  or  otherwise  injured. 
As  the  gravel  was  dredged  out  to  the  above  depth,  the  inner  and 
middle  row  of  piles  were  driven,  and  a  great  part  of  them  got  down 
as  was  supposed  to  the  requiate  depth.  The  work  was  carried  on 
in  the  above  manner  until  the  7th  of  November,  when  from  the  ap- 
pearance of  several  piles  which  were  pulled  up,  and  from  other 
causes,  it  became  apparent  that  the  outer  row  was  in  a  much  worse 
state  than  had  been  expected,  and  it  was  almost  a  matter  of  cer- 
tainty that  those  piles  which  had  taken  ten  or  twelve  days  to  get 
down  were  not  driven  to  the  proper  depth  by  at  least  3  or  4  feet, 
having  upset  or  lost  their  points  to  that  extent.  There  was  likewise 
every  reason  to  believe  that  many  of  them  were  broken  or  danger- 
ously crippled.  Added  to  this  the  Danube  was  rising,  and  at  the 
late  time  of  the  year,  with  winter  rapidly  approaching,  the  general 
appearance  of  the  dam  was  anything  but  satisfactory.  Upon 
mature  consideration  the  only  course  appeared  to  be  to  drive  a  much 
greater  number  of  piles  than  was  at  first  calculated  upon,  and  another 
cranplete  row  of  piles  was  driven  all  around  at  intervals  of  15  inches 
apart,  and  in  some  cases  double  and  triple  piles  were  driven  dur- 
ing the  progress  of  the  dredging.  At  the  commencement  of  the 
driving  a  few  were  got  down  to  the  depth  of  57  or  58  feet,  being  from 
3  to  4  feet  in  the  clay;  but  as  the  gravel  began  to  get  compressed 
many  of  them  would  not  penetrate  more  than  54  or  55  feet,  the 
sharp,  angular  gravel  overlying  the  clay  appearing  to  be  compressed 
into  a  substance  as  hard  as  rock." 

The  puddle  used  was  clay  mixed  with  about  one-third  clean  gravel, 
it  having  been  found  to  set  quite  solid,  from  experiments  made  by 
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sinking  specimens  in  the  Danube.  When  leaks  occurred  they  were 
closed  by  driving  square  timbers  down  30  or  40  feet  into  the  puddle 
to  pack  it,  or  by  driving  new  piles  to  close  the  cracks,  and  in  some 
cases  by  driving  sheet-piling. 

Experiences  of  this  nature  led  to  the  disuse  of  coffer-dams  for 
foundations  to  such  depths,  but  a  very  small  percentage  of  the  care 
exercised  and  the  persistence  shown  in  this  work  would  lead  to 
greater  success  oa  ordinary  foundations. 

The  class  of  work  to  which  cofiEer-dams  may  still  be  applied  will 
be  shown  in  the  succeeding  pages  and  the  examples  from  actual 
practice  will  show  in  some  measure  the  care  that  must  be  exercised 
in  the  first  construction  to  prevent  failure,  and  the  expedients 
adopted  to  overcome  unavoidable  accidents. 

The  historical  features  of  foundations  are  of  sulfident  impor- 
tance to  add  to  the  foregoing  pages  a  r^sumfi  of  the  earliest  uses  of 
the  various  methods  described  in  the  subsequent  chapters. 

Vitruvius  is  probably  the  first  writer  on  the  subject  and  he  gives 
instructions  as  to  the  methods  for  making  the  foundation  which  can 
be  httle  improved  upon  to-day. 

"  Foundations  should  be  carried  down  to  solid  bottom,  if  such 
can  be  found,  and  they  should  be  built  thereon  of  such  thickness  as 
may  be  necessary  for  the  proper  support  of  that  part  of  the  wall 
standing  above  the  natural  level  of  the  ground.  They  should  be  of 
the  soundest  workmanship,  and  materials  of  greater  thickness  than 
the  walls  above.  .  .  . 

"  The  intervals  between  the  foundations  brought  up  under  the 
columns  should  be  either  rammed  down  hard,  or  arched,  so  as  to 
prevent  the  foundation  piers  from  swerving.  If  solid  ground  cannot 
be  come  to,  and  the  ground  be  loose  or  marshy,  the  place  must  be 
excavated,  cleared,  and  either  alder,  olive,  or  oak  piles,  previously 
charred,  must  be  driven  with  a  machine  as  close  to  each  other  as 
possible  and  the  intervals  between  the  piles  filled  with  ashes.  The 
heaviest  foundations  may  be  laid  on  such  a  base." 

Thus  we  find  that  the  use  of  piles  was  of  a  very  early  date,  and 
rubble  mounds  for  the  base  of  piers,  similar  to  those  already  men- 
tioned for  the  bridges  of  Persia,  of  very  ancient  origin.  Earthen 
dams  for  exduding  the  water  are  known  to  date  back  to  the  seven- 
teenth century. 

PDes  surrounded  by  rubble  stone,  in  place  of  the  ashes  mentioned 
by  Vitruvius,  were  used  at  the  Notre  Dame  bridge  in  Paris  between 
1500  and  1507.  Piles  supporting  a  platform  on  which  to  build 
piers  were  used  at  Blois  in  the  year  1716. 
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Regemortes  made  use  of  an  apron  in  preparing  a  foundation  at 
Moulins  in  1750.  As  early  as  1750  caissons  were  sunk  for  the  piers 
of  the  old  bridge  of  Westminster,  after  the  bed  of  the  river  had 
first  been  dredged,  a  similar  process  having  been  used  in  1686,  or  64 
years  earlier,  at  the  Tuileries  bridge. 

The  cutting  off  of  piles  under  water  was  accomplished  in  1756, 
by  t^e  use  of  a  saw  invented  by  Des  Essarts,  and  Uiis  method  was 
used  on  a  great  maJiy  bridges  for  the  next  himdred  years. 

The  discovery  in  the  year  1818  of  the  properties  of  hydraulic  mor- 
tars, by  Vicat,  made  possible  the  forming  of  a  foimdation  by  depos- 
iting concrete  inside  of  sheeting  and  also  the  use  at  Paris  by 
Beaudemoulin  for  the  first  time  of  a  bottomless  frame  or  crib,  with 
concrete  at  the  bottom.  This  method  was  unproved  upon  by  Poirel 
about  1840,  by  adding  a  canvas  bottom  to  the  crib,  or  caisson,  to 
deposit  concrete  in  situ. 

The  earliest  account  we  have  of  the  use  of  compressed  air  is 
given  by  John  Taisner  of  Hainault,  bom  in  1509,  who  went  to  Toledo 
with  the  Emperor  Charles  V,  where  he  saw  two  Greeks  let  them- 
selves  down  under  water  in  an  "  inverted  caldroun  "  with  a  light, 
and  return  to  the  surface  without  getting  wet.  Lorini  also  describes 
the  use  of  the  diving  bell  or  the  progenitor  of  the  pneumatic  caisson, 
and  the  first  account  of  its  use  in  England  is  ^ven  by  Dr.  Halley 
early  in  the  eighteenth  century. 

Tlie  divii^  bell  used  by  Smeaton  at  the  Hexham  bridge  in 
1778,  is  really  the  first  use  of  compressed  air  on  bridge  foundations  of 
which  we  have  an  authentic  account.  His  account  of  it  in  a  letter 
of  instructions  gives  the  details  of  construction  (Fig.  8)  and  method 
of  using  it.    The  details  of  the  air  pump  are  shown  in  Fig.  9. 

Smeaton  employed  the  diving  bell  as  early  as  1778,  in  the  con- 
struction of  the  bridge  at  Hexham;  in  a  letter  which  he  addressed 
to  Mr.  Pickemell  on  the  subject,  we  have  the  method  he  adopted 
fully  explained;  he  says:  "If  the  cases  would  have  enabled  us  to 
reduce  the  water  so  low,  as  to  be  even  with  the  very  bottoms  of  the 
caissons  of  each  pier,  I  take  It  for  granted,  you  would  have  thought 
it  no  difficulty  with  broken  rubble,  beton,  stones,  and  short  blocks  of 
wood,  cut  a  little  wedgeways,  to  have  crammed  and  wedged  up  the 
cavity  washed  under  the  wooden  bottoms,  so  as  to  have  been 
equally  resisting,  and  capable  of  bearing  a  weight  with  the  original 
gravel,  and  particularly  when  this  new  body  of  matter  is  supported, 
and  even  jammed  tighter  into  its  place  by  filling  up  the  vacancy 
between  the  pier  and  the  base,  a  little  above  the  wooden  bottom, 
with  rubble,  and  then  driving  it  tight  down  by  a  set  with  the  ram. 
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It  therefore  now  remains  that  I  describe,  and  make  you  master'  of  a 
piece  of  machinery,  that  will  put  you  nearly  into  the  same  condi- 
tion, as  if  the  water  could  have  been  reduced  to  the  caisson's 
bottoms  as  before  mentioned;  and  this  is  by  means  of  an  air-chest, 
or  diving  vessel,  which  being  let  down,  will  exclude  the  water  down 
to  the  very  bottom  of  the  river  if  you  please,  and  therefore  as  low 
as  the  under  side  of  the  wooden  bottom,  which  in  the  present  case 
is  as  low  as  will  be  necessary  or  useful,  and  the  chest  or  vessel  being  * 
large  enough  to  give  liberty  for  a  man  to  work  therein;  being  fur- 
nished with  a  pair  of  boots,  he 
will  at  mid  leg  deep  in  water, 
do  his  business  with  almost  as 
much  facility  as  if  the  water 
were  pumped  out  to  the  same 
level.  The  principal  part  of 
this  machine  will  consist  of  a 
strong  chest  (Fig.  8),  suppose  3 
feet  6  inches  in  length,  about 
4^  feet  deep  or  height  and  as 
wide  as  to  give  free  leave  for 
its  going  down  between  the  cases 
and  the  piers,  which  I  suppose 
will  be  about  2  feet  wide  inside 
measure,  as  the  other  measures 
are  also  supposed  to  be.  Now 
you  know  very  well  that  if  you 
push  a  drinking  glass,  or  any 
other  similar  vessel,  with  its 
mouth  downwards  into  the 
water,  that  it  will  exclude  the 
water,  leaving  the  vessel  full  of 
air,  as  it  was  before  it  was 
thrust  into  the  water;  in  like  manner,  if  this  chest,  being  loaded 
with  a  sufficient  weight,  be  let  down  into  the  water,  mouth  down- 
wards, the  air  will  exclude  the  water  to  the  bottom  skirt  of  the 
chest,  and  if  let  down,  so  as  to  rest  upon  the  bottom  of  the 
river,  a  man  may  stand  therein,  and  do  any  kind  of  business,  the 
same  as  he  could  do  in  the  same  space  in  the  open  air.  But  to 
continue  this  for  any  length  of  time  two  things  are  obviously  neces- 
sary, and  those  are  light  and  a  circulation  of  fresh  air.  The  former 
might  on  occasion  be  supplied  by  a  candle,  but  here  we  may  have  the 
advantage  of  day-  light  by  putting  two  or  three  strong  round  panes 
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of  glass  into  the  bottom  of  the  chest,  which  will  in  its  inverted  situa- 
tion be  the  top;  a  sufficiency  of  light  will  enter,  this  top  of  the  chest 
being  supposed  above  water.  Respecting  air,  you  will  conceive  that 
any  quantity  might  be  forced  in  by  a  strong  pair  of  bellows;  but  those 
made  of  leather  would  be  cumbersome  and  unhandy;  I  therefore 
substitute  a  kind  of  foreign  air-pump  (Fig.  9),  made  of  thin  ham- 
mered copper,  that  will 
throw  in  a  gallon  at  a 
stroke,  which  will  not  only 
continually  refresh  the 
workmen  within,  but 
whatever  air  escapes 
through  the  joints  or 
pores  of  the  air-chest  will 
be  replenished,  and  the 
overplus  go  out  at  the 
bottom  or  skirt  of  the 
chest,  and  boil  up  on  the 
outside. 

"  The  quantity  of  we^ht 
that  will  sink  it,  mouth 
downwards,  will  be  the 
same  as  placed  therein 
(bottom  downward)  would 
sink  it  the  same  depth; 
and  as  this  chest  I  pro- 
pose to  be  suspended  by 
a  tackle,  and  to  go  down 
by  its  own  weight,  I  com- 
pute that  it  will  take  six- 
teen pigs  of  lead  to  sink 
it  to  the  bottom  of  the 
river,  and  keep  it  steady. 
I  propose  that  the  lead 
to  place  them 
that   is  four  in 


Fig.  9.— Smeaton's  Am  Pump. 


niay    be  as  much  out   of    the   way  as 

upon  the  ends  of    the   chest,  endways  upward, 

a  row  below  and  four  above,   and   the  same  at   the  other  end, 

making  in  the  whole  16  pigs,  which  are  to  be  fastened  on   with 

screws,  either  by  cleats  screwed  on,  or  punching  a  hole   through 

each  end  of  each  pig.     At  one  end  of  the  chest  there  is  to  be 

a  board,  fixed  across  for  the  man  to  sit  upon,  and  a  cleat  nailed  to 

each  side  to  set  each  of  his  feet  upon,  so  that  while  the  machine  is 
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being  lowered  or  hoisted,  he  is  totally  dry,  and  when  let  down  enough, 
he  stands  upon  the  bottom  of  the  river,  without  any  more  water 
than  the  height  between  the  skirt  of  the  chest  and  the  bottom  of  the 
river,  which  may  be  more  or  less  as  is  found  convenient,  I  suppose 
never  more  than  a  foot  deep,  because  wherever  the  ground  is  taken 
out  more  than  i  foot  below  the  underside  of  the  caisson's  bottom,  I 
would  propose  to  fill  it  up  with  rubble  previously  to  that  height 
or  depth,  nor  can  it  be  of  use  to  let  down  the  skirt  of  the  chest 
much  below  the  caisson's  bottom,  because  the  side  of  the  chest  will 
then  diminish  the  room  you  will  have  to  get  the  matter  from  under- 
pinning the  caisson's  bottom.  The  foregoing  will,  I  believe,  be 
sufficient  Cor  explaining  the  general  principles  and  outlines  of  the 
method  I  mean  to  pursue  in  underpinning,  and  resupplying  what  is 
underwashed  from  the  bases  of  the  piers,  and  which  I  dare  say  you 
will  now  see  to  be  entirely  practicable;  what  you  are  therefore 
immediately  to  put  in  hand  is  the  air-chest,  of  or  about  the  inside 
dimensions  before  mentioned;  I  believe  the  two  flat  sides  will  do 
very  well,  if  of  good  red  wood  deal,  shot  clean  of  sap,  the  two  ends 
and  bottom,  (or  in  use  its  top) ;  it  would  be  well  if  they  could  be 
got  of  single  planks  of  ekn,  beech,  or  plane  trees,  as  they  would  hold 
the  nails  better:  I  fancy  ij  or  if  inches  thick  for  the  sides,  sj  or 
aj  for  the  ends  and  bottom,  will  be  sufficient;  they  should  be  well 
jointed,  and  put  together  with  white  lead  and  oil,  as  the  effort  will 
not  be  of  the  water  to  enter,  but  of  the  air  to  escape  from  within. 
Were  I  with  you,  when  it  is  put  in  use,  I  should  be  the  first  to  go 
down  into  it,  as  there  is  no  more  danger  (all  your  tackle  being  firmly 
fixed)  than  being  let  down  into  a  coal-pit  by  a  rope;  and  if  it  shall 
happen  that  all  your  masons  are  too  fine  fingered,  I  fancy  a  couple 
of  colliers  to  take  turn  and  turn  will  find  it  a  very  comfortable  job. 
A  particular  encouragement,  must,  however,  I  expect  be  given.  I 
will  give  you  more  particular  directions  in  my  next:  as  to  the  air 
pump,  all  that  will  be  wanted  from  the  coppersmith  will  be  a  cylindri- 
cal pipe  of  copper,  lo  inches  diameter,  and  12  inches  high,  wired 
at'  top,  and  a  flanch  at  bottom  of  about  ij  inches  broad,  by  which 
it  is  screwed  down  before  the  top  of  the  air-chest;  the  copper  to  be 
about  the  thickness  of  a  halfpenny;  if  you  have  no  neat-handed 
coppersmith  that  can  hammer  it  straight  and  smooth  inside,  it  may 
on  occasion  be  made  of  strong  tin." 

The  references  to  the  letters  on  Figs.  8  and  9  are:  A,  the  air 
pump;  B,  skylights  6  inches  in  diameter,  to  be  made  of  window 
glass  knobs,  if  plate  glass  cannot  be  had;  C,  clamp  plates  of  iron, 
to  hold  the  sides  and  top  firmly  together;  D,  D,  pigs  of  lead,  end 
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upwards;  £,  E,  the  lever  for  working  the  pump;  G,  G,  the  axis  and 
brace  for  steadying  the  lever;  H,  11,  two  bows  for  hoisting  the 
chest;  /,  a  strong  iron  bow  to  hook  the  tackle  to;  M,  N,  the  open- 
ing from  the  piunp  to  the  air  chest;  o,  p,  the  valve,  o  being  the 
-leather  and  p  the  wood;  gr,  the  spring  to  shut  it,  having  just 
strength  enough  to  shut  the  vaJve. . 

The  following  account  of  the  improvement  of  the  diving  bell 
by  Sir  John  Rennie  is  taken  from  Smiles'  "  Lives  of  the  Engineers." 

"  Whilst  occupied  on  the  works  of  the  Ramsgate  Harbour  of 
which  he  was  appointed  engineer  in  1807,  Mr.  Rennie  made  use  of 
the  diving  bell  in  a  manner  at  once  novel  and  ingenious.  It  will  be 
remembered  that  Smeaton  had  employed  this  machine  in  the  opera- 
tions connected  with  the  building  of  the  harbour;  but  his  apparatus 
being  wood,  was  exceedingly  clumsy,  and  very  limited  in  its  uses. 
In  that  state  Mr.  Rennie  found  it,  when  he  was  employed  to  carry 
on  the  extensive  repairs  of  1813.  The  east  pier-head  was  gradually 
giving  way  and  falling  into  the  sea  at  its  most  advanced  and 
important  point.  No  time  was  to  be  lost  in  setting  about  its  repair; 
but  from  the  peculiarly  exposed  and  difficult  nature  of  the  situation, 
this  was  no  easy  matter.  The  depth  at  the  pier-head  was  from  10 
to  16  feet  at  low  water  of  spring  tides;  besides,  there  was  a  rise 
of  15  feet  at  spring  and  10  feet  at  neap  tides,  with  a  strong  current 
of  from  two  to  three  knots  an  hour  setting  past  it  both  on  the  flood 
and  at  the  ebb.  The  work  was  also  frequently  exposed  to  a  heavy 
sea,  as  well  as  to  the  risk  of  vessels  striking  against  it  on  entering 
or  leaving  the  harbour. 

"  Mr.  Rennie's  first  intention  was  to  surround  the  pier-head 
by  a  dam;  but  the  water  was  too  deep  and  the  situation  too  exposed 
to  admit  of  this  expedient.  He  then  bethought  him  of  employing 
the  diving-bell;  but  in  its  then  state  he  found  it  very  little  use.  No 
other  mode  of  action,  however,  presenting  itself,  he  turned  his 
attention  to  its  improvement  as  the  only  means  of  getting  down 
to  the  work,  the  necessity  for  repairing  which  had  [become  more 
urgent  than  ever.  Without  loss  of  time  he  proceeded  to  design  and 
instruct  a  bell  of  cast  iron,  about  6  feet  in  height,  4^  feet  wide, 
and  6  feet  long,  having  one  end  rather  thicker  and  heavier  than 
the  other,  that  it  might  sink  lower,  and  thus  enable  the  exhausted 
or  breathed  air  more  rapidly  to  escape. 

"  At  the  top  of  the  bell,  eight  solid  bull's-eyes  of  cast  glass  were 
fixed,  well  secured  and  made  water-tight  by  means  of  leathern 
and  copper  collars  covered  with  white  lead,  and  firmly  secured  by 
copper  screw  bolts.    To  the  top  of  the  inside  were  attached  two 
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strong  chains  for  the  purpose  of  fastening  to  them  any  materials 
that  might  be  required  for  the  work,  and  flanges  were  cast  along 
the  sides  of  the  bell,  on  which  two  seats  were  placed,  with  foot- 
boards, for  the  use  of  the  men  while  working.  In  the  centre  of  the 
top  was  a  circular  hole,  to  which  a  brass-screwed  lining  was  firmly 
fixed,  and  into  this  a  brass  nozzle  was  screwed,  having  a  leathern 
water-tight  hose  fastened  to  it,  2J  inches  in  diameter.  The  hose 
was  in  lengths  of  about  8  feet,  with  brass-screwed  nozzles  at  each 


Fic.  10. — Renmie's  Diving  Bell. 

end,  so  that  it  could  be  lengthened  or  shortened  at  pleasure,  accord- 
ing to  the  depth  of  water  at  which  the  men  in  the  bell  were  working. 
"  Ft)r  the  purpose  of  duly  supplying  the  machine  with  air,  a 
double  air-pump  was  provided,  which  was  worked  by  a  sufficient 
number  of  men.  The  air-pump  was  connected  with  the  hose  referred 
to,  and  was  either  placed  on  the  platform  above  or  in  a  boat  which 
constantly  attended  the  bell  while  under  water.  Two  stout  wrought- 
iron  rings  were  fixed  on  the  top  of  the  machine  to  which  ropes  or 
chams  were  attached  for  the  purpose  of  lowering  or  raising  it.  The  ■ 
whole  weighed  about  five  tons;  and  it  was  attached  to  a  circular 
framework  of  tunber,  strengthened  by  iron,  erected  over  where  the 
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intended  circular  pier-head  was  to  be  built,  and  so  fixed  to  a  pivot 
near  the  centre  of  the  work  that  it  was  enabled  easily  to  traverse  its 
outer  limits. 

"  On  the  top  of  the  framework  was  a  truck,  made  to  move 
backwards  or  forwards  by  means  of  a  rack  on  the  frame,  and  a 
corresponding  wl^eel  provided  with  teeth,  worked  by  a  handle  and 
pinion.  On  the  truck  were  placed  two  powerful  double-purchase 
crabs  or  windlasses,  one  for  working  the  diving-bell  suspended 
from  it,  and  the  other  for  lowering  stone  blocks  or  other  materials 
required  for  carrying  on  the  operations  at  the  bottom  of  the  sea. 
By  these  ingenious  expedients  the  building  apparatus  was  so  con- 
trived as  to  move  all  round  the  new  work  backwards  and  forwards, 
upwards  and  downwards,  so  that  every  part  of  the  wall  could 
be  approached  and  handled  by  the  workmen,  no  matter  at  what 
depth;  while  the  engineer  stationed  on  the  pier-head  above  could 
at  any  time  ascertain,  without  descending,  whether  the  builders  were 
proceeding  in  the  right  direction,  as  weU  as  the  precise  place  at 
which  they  were  at  work. 

"  Everything  being  in  readiness  for  commencing  operations,  the 
divers  entered  the  bell  and  were  cautiously  lowered  to  the  place  at 
wluch  the  building  was  to  proceed.  A  code  of  signals  were  estab- 
lished by  which  the  workmen  could  indicate,  by  striking  the  side 
of  the  bell  a  certain  number  of  strokes  with  a  hammer,  whether 
they  wished  it  to  be  moved  upward,  downward,  or  horizontally; 
and  also  to  signal  for  the  descent  of  materials  of  any  kind.  By 
this  means  they  were  enabled,  with  the  assistance  of  the  work- 
men above,  to  raise  and  lower,  and  place  in  their  proper  bed, 
stones  of  the  heaviest  description;  and  by  repeating  the  process 
from  day  to  day  and  from  week  to  week  the  work  was  accomplished 
with  as  much  exactness,  and  almost  as  much  expedition,  under 
water,  as  though  it  had  been  carried  on  above  ground. 

"  Thus  the  entire  repairs  were  completed  by  the  9th  of  July, 
1814;  and  to  commemorate  the  ingenuity  and  skill  with  which  Mr. 
Rennie  had  overcome  the  extraordinary  difficulties  of  the  undertak- 
ing, the  trustees  of  the  harbour  caused  a  memorial  stone  to  be  fixed 
in  the  centre  of  the  new  pier-head,  bearing  a  bronze  plate,  on  which 
were  briefly  recorded  the  facts  above  referred  to,  and  acknowledg- 
ing the  obligation  of  the  trustees  to  their  engineer.  They  also  pre- 
sented him  at  a  public  entertainment  with  a  handsome  piece  of  plate 
in  commemoration  of  the  successful  completion  of  the  work.  The 
diving-bell,  as  thus  Improved  by  Mr.  Rennie,  has  since  been  exten- 
sively employed  in  similar  works;  and  although  detached  divers, 
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with  apparatus  attached  to  them,  are  made  use  of  in  deep-sea 
works,  the  simplicity,  economy,  and  expeditiousness  of  the  plan 
invented  by  Mr.  Rennie,  and  afterwards  improved  by  himself, 
continue  to  recommend  it  for  adoption  in  all  undertakings  of  a 
similar  character," 

The  first  use  of  compressed-air  caissons  was  by  M.  Triger  from 
1839  to  1841  at  the  Chalons  coal  mine,  and  this  was  rapidly  improved 
upon  for  foundation  work,  until  we  have  the  modern  compressed- 
air  caisson. 

Dr.  Potts  brought  out  his  vacuum  process  in  1845,  in  which  the 
air  is  exhausted  from  the  caisson,  and  the  external  air  pressure 
utilized  for  the  weight  to  sink  it;  this  process,  however,  is  seldom 
if  ever  used  at  the  present  time. 

One  of  the  earliest  cases  of  the  use  of  the  pneumatic  process  for 
sinking  bridge  piers  in  America  was  at  Omaha  over  the  Missouri 
River  in  the  year  1869,  under  the  direction  of  Gen.  Wm:  Sooy 
Smith.  The  piers  of  the  St.  Louis  Eads  bridge  and  of  the  East 
River  Roebling  bridge  were  sunk  by  this  process  between  1870  and 

'1873- 

"  In  every  man's  mind,  some  images,  words,  and  facts  remun, 
without  effort  on  his  part  to  imprint  them,  which  others  forget,  and 
afterwards  these  illustrate  to  him  important  laws." 
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The  exact  definition  of  the  term  coffer-dam — "  a  water-tight  in- 
dosure,  from  which  the  water  is  pumped  to  expose  the  bottom  and 
permit  the  laying  of  foundations  " — is  ,the  class  of  structure  which  is 
to  be  considered,  although  in  the  construction  of  them  cribs  or  cais- 
sons may  be  employed  and  utilized;  the  essential  purpose  being  to 
form  an  inclosure  as  nearly  water-tight  as  possible  in  order  that 
the  expenditure  of  power  for  pumping  out  the  water  may  be  of  small 
amount. 

The  attainment  of  this  when  the  water  is  shallow  and  has  little 
current  we  have  seen  to  be  easily  accomplished  by  means  of  a  bank 
of  day  or  dayey  gravel. 

This  form  may  also  be  employed  in  still  water  up  to  about  4 
feet  in  depth  by  the  addition  of  sheet-piling  or  a  casing  supported 
by  ordinary  piles  to  prevent  the  embankment  from  caving  into  the 
excavation.  Where  the  bottom  is  of  soft  mud  or  porous  material 
over  a  solid  clay  or  gravel,  as  much  as  possible  of  the  porous  material 
should  be  removed  before  forming  the  embankment,  tiius  preventing 
leakage  underneath.  In  very  shallow  water  this  can  be  accom- 
plished by  shoveling  and  with  large  hoes  or  scoops,  but  with  several 
feet  of  water  to  contend  with,  some  form  of  dredge  or  scraper  must 
be  employed.  A  very  convenient  form  of  scraper  used  by  M.  L. 
Byers  on  the  Cinti.  &  Mus.  Valley  Railway  is  described  in  Vol.  31 
of  the  "  Transactions  of  the  American  Sodety  of  Civil  Engineers," 
and  consists  of  old  boiler-iron,  strengthened  by  three  ribs  of  light , 
iron  rail  as  shown  in  Fig.  11.  This  was  operated  by  a  double- 
drum  20-horse-power  Mundy  hoisting-engine,  with  the  towii^-Iine 
running  directly  from  one  drum  to  the  scraper  and  the  back  line 
from  the  other  drum  over  a  sheave  to  the  front  of  the  scraper.  The 
excavating  averaged  about  45  yards  of  material  each  day  during 
twelve  days'  work.  The  weight  of  the  device  was  about  one 
thousand  pounds. 
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Where  the  material  is  very  soft,  a  haDd-dredge,  called  a  spoon, 
will  accomplish  the  work  at  about  the  same  cost  as  excavating 
on  dry  land.  The  spoon  usually  consists  of  a  long  pole,  having  a 
cutting-ring  fastened  at  one  end,  and  to  this  ring  is  attached  a  can- 
vas bag  to  contain  the  excavated  material.  The  ring  is  hung  from 
a  derrick  with  a  set  of  falls,  being  guided  with  the  pole,  as  it  is 
dragged  forward  by  the  derrick  through  the  material  to  be  excavated. 

Excavating  may  be  done  on  all  the  larger  rivers  by  employing  the 
sand  or  gravel  diggers  which  are  almost  always  to  be  found,  the 
dredging  being  accomplished  by  means  of  a  series  of  buckets  on  a 


-ScxAPEK  Dredge. 


belt  or  on  chains  operated  through  a  well  m  the  bottom  of  a  barge. 
Dredging  by  machinery  on  a  large  scale  will  be  considered  later  on 
in  some  detail. 

The  method  of  embankment  is  sometimes  employed  for  greater 
depths  than  4  feet  and  in  some  instances  successfully. 

The  Chanoine  dams  on  the  Great  Kanawha  River  required  sub- 
stantial foundations  beneath  the  water,  and  to  accomplish  this 
Addison  M.  Scott,  the  resident  engineer,  employed  log  cribs  about 
the  spaces,  with  earth  banked  up  on  the  outside.  This  work  is 
described  in  the  report  of  the  Chief  of  Engineers  for  1896,  the  metal 
work  for  dams  Nos.  9,  10  and  11  being  constructed  under  direction  of 
the  author  as  Chief  Engineer  of  the  fabricating  company. 
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The  site  of  the  navigation  pass  of  dajn  No,  ii,  including  the 
center  pier,  required  a  coffer-dam  90  feet  wide  and  330  feet  long 
inside.  (Fig.  12.)  This  area,  including  the  necessary  room  for  the 
cribs,  was  dredged  out  to  hard-pan  from  20  to  24  feet  below  low 
water.  The  log  cribs,  which  contained  about  84,000  lineal  feet  of 
logs,  were  suri  in  sections  19  feet  wide  and  20  feet  long.  They  were 
sheathed  up  to  about  3  feet  above  low  water,  with  sheet-piling  in 
three  layers,  on  the  Wakefield  system.    The  driving  was  accom- 


Fic.  11.— CoFFEs-DAU  AT  Dam  No.  ii,  Gb£AT  Kanawha  Rivek. 

plished  by  attaching  an  eighty-pound  weight  to  an  Ingersoll- 
Sergeant  drill  run  by  steam  and  utilizing  the  reciprocating  motion 
by  attaching  the  drill  with  clamps  to  the  tops  of  the  sheathing, 
following  it  down  as  it  was  driven,  after  the  manner  of  the  Nasmyth 
steam  pile-hammer.  This  tool,  which  is  one  of  the  most  ingenious 
ever  devised  for  the  purpose,  was  arranged  by  the  contractor's 
engineer,  S.  H.  Reynolds,  and  was  a  complete  success. 

The  tops  of  the  cribs  were  10  feet  above  low  water,  and  the  bottoms 
rested  on  the  hardpan,  making  a  total  height  of  from  30  to  34  feet. 
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The  cribs  were  filled  with  sand  and  gravel  that  had  been 
dredged  out,  but  the  outside  was  banked  up  with  selected  clay  and 
dredged  material,  which  was  protected  by  a  layer  of  riprap  up  to 
about  low  water. 

When  the  coffer-dam  was  first  pumped  out  several  leaks  were 
developed,  but  after  one  week  in  perfecting  the  details  the  pumps 
were  started  regularly  and  no  serious  trouble  was  had  afterward. 
This  is  only  one  of  a  series  of  coffer-dams  which  have  been  con- 
structed on  the  several  dams  in  this  river,  and  owing  to  the  care 
exercised  good  results  were  obtained  uniformly. 

The  construction  of  a  similar  piece  of  work  on  the  Ohio  River 
was  begun  by  Major  R,  L,  Hoxie,  corps  of  engineers,  and  is  described 
in  the  report  of  1895: "  It  was  originally  planned  to  inclose  the  site 
of  the  dam  and  lock  within  a  coffer-dam,  and  work  was  commenced 
upon  that  basis.  But  on  attempting  to  pump  out  the  inclosure  it 
was  found  that  water  came  in  in  large  quantities,  not  only  under  the 
dam  but  from  springs  in  the  bottom,  and  all  attempts  to  close  these 
by  dumping  clay  and  gravel  were  a  failure.  The  area  inclosed  by 
the  dam  was  about  600  by  200  feet  or  about  3  acres  of  river  bot- 
tom. The  deposit  of  sand  and  gravel  overlying  the  rock  was  about 
35  feet  thick,  the  rock  being  45  feet  below  the  water-level,  while 
the  plans  required  an  excavation  20  feet  deep  below  this  water- 
surface.  The  bottom  deposit  had  been  worked  over  for  years  by 
sand-diggers,  who  threw  back  the  large  stones  and  coarse  gravel  after 
removing  the  fine  sand,  thb  work  resulting  in  a  very  permeable 
bottom,  with  possible  channels  of  comparatively  large  dimensions 
extending  to  unknown  distances  beyond  the  limits  of  the  cofTer- 

This  is  perhaps  the  most  frequent  source  of  failure  of  a  well-con- 
structed coffer-dam  and  should  always  be  guarded  against  by 
removing  as  much  of  the  porous  material  as  possible,  by  dredging, 
before  the  construction  of  tiie  coffer-dam  is  begun. 

Cribs  are  very  easy  to  construct,  usually  very  substantial,  and 
easy  to  make  use  of  by  floating  to  position  and  then  sinking  in  place. 
A  very  simple  form  that  has  been  used  on  the  Chicago,  Burlington  & 
Quincy  Raihoad  is  described  by  E.  J.  Blake,  chief  engineer.  Where 
the  water  is  shallow  they  have  been  built  in  the  form  shown  (Fig. 
13),  of  fence  boards  spiked  one  piece  on  another;  with  deeper  water 
they  are  made  of  heavier  timber,  2"X8"or  2"Xio".  They  are  built 
on  the  water  and  are  tied  across  at  intervals  by  pieces  spiked 
through  the  wall,  which  pieces  should  be  carefully  fitted  to  prevent 
leakage.    In  some  cases  where  the  bottom  is  soft,  instead  of  dredg- 


D.qit.zeaOvGoOt^lc 


26  SUB- AQUEOUS  FOUNDATIONS 

ing,  a  bottom  is  added  to  the  crib  to  prevent  the  filling  from  squeez- 
ing its  way  out  from  under  the  edge. 

When  the  crib  has  reached  bottom,  being  sunk  by  weighting  it 
down  if  necessary,  the  chambers  are  filled  with  clay  puddle  and 
clay  is  banked  up  around  the  outside  to  prevent  water  running 
under.  The  crib  is  made  large  enough  so  that  the  excavation  will 
leave  an  easy  slope  to  the  inner  edge  of  the  timber  work.  This 
fonn  can  be  made  to  conform  readily  to  the  contour  of  the  bottom 
by  starting  the  layers  of  timber  at  different  elevations.    No  leakage 


Fig.  13,— Cmb  Coffeb-dau,  Cficaco,  Bubungton  awd  Quincv  Railhoad. 

has  been  experienced  except  what  can  readily  be  kept  under  control 
with  ordinary-sized  centrifugal  pumps.  The  cost  of  construction  is 
generally  a  minimum,  as  there  are  usually  plenty  of  old  timbers 
available  for  use  from  the  railroad  yards. 

Cribs  constructed  in  a  similar  manner  but  with  only  one  wall 
of  timber  have  been  used  successfully  on  the  Canadian  Pacific  Rail- 
way by  P.  Alex.  Peterson,  chief  engineer. 

The  Iwacing  is  very  efficiently  attached  by  dovetailing  it  into 
the  sides,  while  the  form  of  the  crib  enables  it  to  withstand  the  force 
of  the  current  and  the  ice.      The  projections  on  the  inside  are  to 
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prevent  the  water  from  forcing  its  way  up  between  the  sides  and  the 
concrete  filling  when  the  dam  is  pumped  out.  These  projections 
answered  their  purpose  very  effectually,  and  when  the  dam  was 
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Fig.  15.— Ahnphior  Bbidce,  Crib  and  Cowtkr-bum,  Canadian  Pacific  Rah-way, 

pumped  out  it  remained  dry  enough  to  lay  the  masonry  without  any 
additional  pumping. 

Illustrations  are  given  of  a  crib  of  this  character  which  was  used 
on  the  St.  Lawerace  River  (Fig.  14),  sunilar  ones  being  used  for  the 
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other  piers  of  the  same  bridge,  and  of  the  crib  used  for  the  Amprior 
bridge.  (Figs.  15,  16.)  This  shows  the  concrete  which  was  deposited 
on  which  to  found  the  masonry,  and  which  formed  a  water-tight  bot- 
tom so  that  the  crib  could  be  pumped  out  for  the  laying  of  the  stone. 

The  practice  on  the  Atchison,  Topeka  &  Santa.  F6  Railroad  has 
been  in  some  respects  similar  to  what  has  been  given.  C.  D.  Purdon, 
assistant  cfiief  engineer,  states  that  cribs  buUt  of  old  timbers  are 
used  when  such  material  as  stringers  7"Xi6"  is  plentiful,  each 
course  being  stepped  in  about  J  inch  to  give  a  batter.  For  use  in 
sand  when  rocks  and  drift  are  likely  to  be  encountered  a  crib  is 
made  by  constructing  a  frame  of  old  bridge  timbers  and  sheathing  it 
with  plank.  (Fig.  17.)  This  is  sunk  by  digging  out  the  sand,  which 
is  shoveled  first  into  box  A,  then  to  boxes  B,  then  to  C,  and  then 
outside.  The  suction-pipe  is  shown  in  dotted  lines,  the  pumping 
being  accomplished  witi  a  centrifugal  pump.  This  plan  works  very 
successfully  on  the  streams  in  Colorado  and  New  Mexico  where  the 
water  b  mostly  in  the  sand  and  but  little  shows  as  surface-water. 

The  Arkansas  River  bridge  of  the  St.  Louis  &  San  Fnindsco 
Railroad  at  Tulsa  was  built  over  a  bottom  of  gravel  and  riprap 
above  rock,  which  was  quite  level  and  about  7  feet  below  low  water. 
Cribs  were  constructed  for  coffer-dams  similar  to  the  one  just 
described  and  set  on  the  bed  of  the  stream.  Clay  from  the  bank 
was  dumped  outside  and  as  the  crib  was  dug  out  and  sunk^  the  clay 
followed  down  and  kept  out  the  water. 

When  the  bottom  is  of  clay  or  of  sand  without  obstructions, 
sheet-piles,  either  tongue  and  groove  or  the  Wakefield,  are  driven 
around  a  crib. 

Geo.  H.  Pegram,  chief  engineer  of  the  Union  Pacific  system,  has 
made  the  construction  of  coffer-dams  conform  to  available  material 
and  local  conditions.  At  the  crossing  of  the  Republican  River  in 
Kansas,  where  the  bottom  was  sandy,  a  single  thickness  of  4-inch 
V-shaped  tongue-and-groove  sheet-piling,  with  the  usual  guide-piles 
and  wales,  served  to  form  a  water-tight  structure. 

Where  a  gravel  bottom  overiaid  a  hard  soapstone,  as  on  some  work 
in  Idaho,  with  7  feet  of  water  to  contend  with,  the  coffer-dam  was 
made  of  Wakefield  piling,  formed  of  ij-inch  sized  plank.  The 
joints  were  tightened  with  cement;  and  sand,  gravel,  and  straw 
placed  outside  to  prevent  leaking.  Wakefield  piling  has  also  been 
used  for  clean  rock  bottom,  placed  in  two  rows  about  the  depth  of 
the  water  apart.  Intermediate  cribs  filled  with  rock  were  used  to 
sink  them.  The  ends  of  the  piling  were  sharpened  and  driven  on 
the  rock  until  broomed  up  and  rendered  neariy  water-tight,  when 
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gravel  nuzed  with  straw  was  placed  around  outside  to  dose  any 
remaining  leaks. 

In  cases  where  ordinary  piling  has  been  driven  and  a  grillage  laid 
upon  them  to  receive  the  masonry,  a  coffer-dam  is  constructed  as 
shown  (Fig,  18)  in  which  to  lay  the  masonry.  The  construction  of 
this  is  fully  shown  in  the  different  views  given. 

Another  form  of  coffer-dam  for  the  same  purpose  was  constructed 
by  Octave  Chanute  in  laying  the  masonry  of  the  pivot  pier  for  the 
Fort  Madison  bridge  over  the  Mississippi  River,  on  the  line  of  the 
Atchison,  Topeka  &  Santa  F6  Railroad.  (Fig.  19.)  This  is  described 
in  the  Engineerir^  News  of  Jime  2,  1888,  by  W.  W.  Curtis,  resident 
engineer:  "  The  grillage  (for  the  pivot  j»er)  is  4  feet  3  inches  thick, 
the  upper  15  inches  being  dressed  to  an  accurate  circle  of  the 
desired  diameter.  The  coffer-dam  was  fitted  against  these  two 
courses  and  was  formed  of  3"X8"  pine-plank  staves,  dressed  on  the 
sides  to  a  slight  bevel,  around  which  were  placed  seven  wrought- 
iron  hoops  4"XA".  s"X  A",  ^nd  6"xA",  similar  to  those  used  for 
water-tanks,  and  screwed  up  tight.  Inside  of  these,  circular  braces 
of  plank  were  fitted.  As  a  water  pressure  of  19  feet  was  to  be 
resisted,  additional  security  against  leakage  was  obtained  by  placing 
a  string  of  candle-wicking  vertically  between  each  stave.  When 
the  caisson  wa^  submerged  to  about  full  depth  it  became  necessary 
for  the  steamboat  to  assist  it  into  final  position.  A  i2"Xi2"  post 
was  bedded  in  the  concrete  in  the  center  of  the  pier,  with  four  braces 
running  to  the  circular  bracing  of  the  sides.  This  makes  a  very 
cheap  coffer-dam  and  was  found  to  work  very  well." 

An  atteMpt  to  use  a  form  similar  to  this  was  made  in  construc- 
ting the  Walnut  street  bridge  at  Philadelphia.  This  is  described 
by  Geo.  S.  Webster,  chief  engineer  Bureau  of  Surveys,  in  the  Engi- 
neering News  of  March  15,  1894:  "  In  founding  the  river  piers,  the 
Robinson  coffer-dam  was  first  tried,  but  was  abandoned  after  three 
of  them  had  failed  by  collapsing.  This  dam  may  be  briefly  de- 
scribed as  follows:  A  circular  platform  about  80  feet  in  diameter 
supported  upon  piles  at  an  elevation  of  about  4  feet  above  high 
water  was  first  constructed.  Square  piles  of  i2"Xi2"  yellow  pine 
were  then  prepared  by  spiking  a  3"X4"  timber  flat,  along  the 
middle  of  one  side,  and  two  others  along  the  edges  of  the  oppo^te 
side,  forming  a  tongue  and  groove  on  each  pile.  The  tops  were 
squared  off  and  the  bottom  ends  pointed  to  a  wedge  shape.  These 
piles  were  then  driven  close  together  against  the  edge  of  (he  circular 
platform  and  down  to  rock.  Mr.  Robinson's  idea  was  that  the  mud 
overlying  the  rock  would  hold  the  piles  in  position  at  the  bottom. 
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and  if  the  top  ends  were  held  by  an  outside  hoop,  the  dam  would 
be  secure  without  internal  bracing  to  resist  collapsing-pressure.  In 
the  first  trial  the  hoop  was  made  of  boiler-iron  some  4  feet  or  more 
in  width.  In  the  second  dam  it  was  formed  of  a  heavy  steel  rail- 
way rail,  and  in  the  third  dam  the  hoop  was  the  same  as  in  the 
second,  but  it  also  had  a  number  of  radial  rods  in  addition.  The  first 
dam  was  pumped  out  and  held  for  nearly  an  hour  before  collaps- 
ing, but  the  others  collapsed  before  being  entirely  pumped  out. 
After  the  third  failure  this  form  of  dam  was  abandoned." 

It  would  seem  likely  from  a  comparison  of  the  two  cases,  one 
being  entirely  successful  and  the  other  a  failure,  that  had  the  Wal- 
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Fig.  19. — COFFES-DAU  c 


nut  street  dam  been  supplied  with  additional  bands  lower  down  and 
provided  with  some  means  of  tightening,  with  several  internal  bracing 
ribs  of  timber,  it  would  have  proven  a  success.  These  bands  and 
ribs  could  likely  have  been  placed  by  a  diver. 

The  uncertainty  which  always  exists  regarding  any  construction 
under  water  makes  it  imperative  that  every  precaution  should  be 
taken  to  guard  against  troubles  that  might  arise,  by  making  the 
construction  of  no  doubtful  form  and  in  no  doubtful  manner  from  its 
first  inception. 

The  nature  of  the  bottom  will  always  indicate  the  method  of 
construction  which  should  be  adopted  in  a  given  case,  but  it  would 
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be  rarely  that  tlie  preliminary  dredging  could  be  dispensed  with. 
It  is  true  that  there  are  cases  where  there  is  a  deposit  overlaying 
a  seamy  rock,  and  the  water  will  find  its  way  along  the  seams, 
bubbling  up  in  springs  inside.  Recourse  must  be  had  to  cutting  off 
the  flow,  by  puddling  on  the  outside,  sometimes  extending  the 
operations  a  distance  of  a  hundred  feet  or  more  away,  until  enough 
of  the  flow  has  been  stopped  so  that  the  water  can  be  kept  down 
by  a  reasonable  amount  of  pumping. 

The  next  precautirai  after  dredging  is  the  bui'ding  of  some  form 
of  coSer-dam  which  shall  effectually  exclude  any  flow  through  the 


Fic.  30.— A  Crib  Coffer-dam  after  a  Flood, 

sides  of  the  dam.  This  we  have  seen  to  be  accomplished  in  many 
cases  by  means  of  a  lank  of  clay,  or  a  row  of  sheet-piling,  and  in 
some  cases  by  a  single-walled  crib.  But  in  the  last  two  methods  a 
supplementary  bank  of  clay  or  clayey  gravel  on  the  outside  is  neces> 
sary  to  prevent  leakage. 

This  bank  may  be  protected  from  wash  by  covering  It  with  clay, 
sand,  or  gravel  in  gunny-sacks,  or  by  riprapping  up  to  about  low  water, 
as  was  done  on  the  Kanawha  dams. 

Double-walled  cribs  and  coffer-dams,  constructed  with  two  rows 
of  water-tight  sheet-piling,  require  to  be  puddled  with  a  carefully 
selected  material.  While  clay  can  be  used  with  a  good  degree  of 
success,  it  will  be  found  better  to  use  a  clayey  gravel  or  to  mix  the 
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clay  and  gravel,  as  was  done  at  the  Buda  Pesth  bridge-  When  a 
■small  leak  starts  through  a  pure  day  puddle,  it  washes  out  the  clay 
in  considerable  quantities  and  a  dangerous  leak  is  soon  developed. 
With  the  admixture  of  gravel,  however,  a  leak  is  stopped  almost 
as  quickly  as  started  by  the  heavier  gravel  falling  into  and  closing 
the  void. 

It  will  generally  be  found  advantageous  to  use  a  bank  of  clay 
outside  of  a  double-walled  dam,  unless  it  might  be  a  case  where 
sheet-piling  has  been  driven  to  rock,  [and  even  then  a  certain 
amoimt  of  material  in  sacks  should  be  t^ed  to  prevent  wash  or  the 
cutting  out  of  the  earth  around  the  sheetit^. 

Whatever  excavation  is  taken  out  of  the  interior  of  the  coffer-dam 
after  it  has  been  pumped,  should  be  dumped  at  the  up-stream  end 
and  corners,  or  to  fill  any  holes  or  pockets  there  may  be  around  the 
sides  or  ends. 

Cutwaters  should  be  added  to  all  coffer-dams  which  are  built 
in  rivers  having  a  swift  current  or  a  heavy  flow  of  ice,  as  was  the 
case  at  Buda  Pesth  and  on  the  Canadian  Pacific  examples.  They 
must  also  be  used  in  rivers  where  the  run  of  drift  with  each  rise  is  of 
large  amount.  For  the  purpose  of  preventing  wash  around  a  dam, 
a  cutwater  of  plank  supported  by  a  frame  of  timber  may  be  con- 
structed separate  from  the  main  structure,  or  a  V-shaped  row  of 
sheet-piling  driven  up-stream.  On  rock,  a  timber  crib  of  triangular 
shape,  built  of  round  logs,  may  be  sunk  up-stream  and  filled  with 
broken  stone.  Such  a  crib  can  be  utilized  in  anchoring  the  main 
crib  of  a  coffer-dam,  as  was  done  at  St.  Louis,  and  which  will  be 
described  in  future  pages. 

The  use  of  a  log  crib  by  the  author,  somewhat  similar  to  those 
used  on  the  Great  Kanawha  River,  was  employed  in  placing  a 
reinforced  concrete  pipe  ii3  inches  in  exterior  diameter  under  the  bed 
of  Green  River  for  the  Tacoma,  Washington,  water  system. 

The  location  (Fig.  21)  was  at  a  narrow  point  in  the  river  where 
there  was  considerable  fall  in  a  short  distance,  and  the  first  cribs 
enclosed  about  one-third  of  the  width  of  the  river. 

The  logs  were  halved  into  each  other  and  drift-bolted  together  with 
1-inch  drift-bolts;  the  filling  was  composed  of  the  muck  from  a 
tunnel  on  one  side  of  the  river  immediately  adjoining,  comprising 
broken  rock,  rock  dust,  gravel  and  some  red  clay.  The  coffer-dam 
having  been  set  directly  on  the  bed  of  the  river  without  any  previ- 
ous excavation,  there  was  some  seepage  underneath  the  dam  at 
the  junction  with  the  river  bed.  To  take  care  of  this  an  inside 
sack  dam  was  built,  to  carry  this  water  around  to  the  low  side  of 
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the  cofFer-dam,  where  the  fall  of  the  river  in  that  distance  made  it 
possible  to  discharge  it  into  the  stream. 

The  coffer-dam  had  a  height  of  from  4  feet  near  the  shore  to  6 
or  8  feet  out  in  the  stream,  and  for  probably  two-thirds  of  the  depth 
excavated,  a  6-inch  centrifugal  pump  kept  the  water  out,  but  as  the 
depth  increased  up  to  15  to  18  feet  the  water  came  in  through  the 
pervious  gravel  bed  of  the  river  to  such  an  extent  that  an  additional 
6-inch  pump,  operated  by  a  16  horse-power  gasoline  engine^  was 
required  to  keep  it  dry  enough  to  work  in. 


Fio.  21.— GaEEN  RwEB  Log  Cxib  Copfeb-dah. 

On  the  river  side  some  sand  bags  and  some  Wakefield  sheet- 
piling  were  used  to  prevent  caving  in  of  the  excavation. 

The  pladng  of  the  pipe  (Fig.  22)  was  accomplished  by  set- 
ting the  circular  inside  forms  on  concrete  blocks,  which  were  buried 
in  the  concrete  of  the  pipe  when  it  was  poured.  Then  the  rein- 
forcing was  placed  and  wired  together  and  the  outside  forms  set 
ready  for  the  concrete,  which  was  deposited  from  the  mixer  directly 
on  the  work  by  wheelbarrows,  the  water  beiag  excluded  except  a 
small  portion  at  the  bottom  and  which  was  forced  out  ahead  of  the 
concrete  as  it  was  poured. 

The  balance  of  the  river  on  the  other  side  was  included  in  the 
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Other  portion  of  the  coffer-dam,  after  the  pipe  had  been  back-filled  and 
riprapped,  this  allowing  the  river  to  be  turned  through.  The  cost  of 
this  work  will  be  given  in  the  chapters  on  cost  at  the  end  of  this 
volume. 

More  fitting  language  cannot  be  found  for  closing  words  than  those 
used  in  Wellington's  monumental  work  on  railway  location:  "  The 
uncertainty  as  to  the  exact  requirements  to  be  fulfilled  by  the  works 
when  completed  is  a  disadvantage,  indeed,  which  cannot  be  escaped; 


Fic.  22. — Placing  Rediforced  Pipe,  Green  Rives  Cotfer-dau. 

but  the  more  difficult  it  is  to  reach  absolute  correctness,  the  greater 
need  we  have  of  some  guide  which  shall  reduce  the  unavoidable 
guess-work  to  its  lowest  terms,  and  so  save  us  from  the  manifold 
hazards  which  result  from  not  only  guessing  at  facts,  but  at  the  effect 
of  those  facts.  Whatever  care  we  use  we  can  never  attempt  with 
success  to  fix  the  exact  point  where  economy  ends  and  extravagance 
begins;  but  what  we  can  do  is  to  establish  certain  narrow  limits  in 
either  direction,  somewhere  within  which  'lies  the  truth,  and  any- 
where outside  of  which  lies  a  certainty  of  error." 
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When  for  some  reason  the  necessary  care  was  not  exercised  in 
the  construction  of  a  coffer-dam  and  in  puddling  it,  or  where 
there  were  discovered  conditions  not  known  before  the  construction 
began,  which  rendered  the  work  unsatisfactory  or  leaky,  it  will 
usually  be  found  that  the  mode  of  repair  which  seems  most  expensive 
will  in  the  end  prove  the  cheapest  and  most  expeditious.  If  the 
puddle  proves  leaky,  and  it  be  decided  that  the  material  was  of  too 
porous  a  nature,  the  best  remedy  is  to  d^  out  and  replace  it  with 
better.  Should  it  be  found  that  the  porous  bottom  had  not  been 
removed  to  a  sufficient  depth,  it  may  be  found  necessary  to  dig  out 
the  puddle-chambers  and  puddle  deeper,  or  the  leaks  might  be 
stopped  by  banking  up  outside  of  the  dam  with  clay  or  clayey  gravel, 
or  perhaps  sand  in  sacks  would  do  some  good. 

Gravelwill  allow  the  percolation  of  water  even  where  the  head 
is  small,  and  when  a  pressure  of  from  4  feet  upwards  is  brought 
upon  it,  the  leakage  becomes  considerable  and  difficult  to  control,  so 
that  pure  gravel  is  of  little  service  in  stopping  leaks. 

Hay,  straw,  oats,  crushed  cane-stalks,  rotten  stable  manure,  and 
similar  materials,  mixed  with  the  banking  material,  are  very  efEca- 
cious  in  producing  tightness,  and  when  applied  to  local  leaks  will 
assist  in  closing  them. 

Where  sheet-piling  has  been  used  to  exclude  the  water  and  leaks 
still  occur,  they  can  often  be  closed  by  driving  more  sheeting  to 
lap  the  cracks,  which  may  have  been  widened  out  lower  down  as 
the  sheet-piles  were  first  driven.  This,  we  have  seen,  produced  satis- 
factory results  at  Buda  Pesth,  where  leaks  were  also  dosed  by  driv- 
ing square  timbers  into  the  puddle  to  compact  it. 

Clay  can  also  be  forced  down  through  pipes  directly  to  where  the 
leakage  occurs.  The  use  of  this  at  the  Government  Lock  at  Sault 
Ste.  Marie  is  described  in  the  Engineering  News  of  September  26, 
1S96:  "The  oply  diflSculty  encountered  in  the  work  of  excavation 
was  due  to  a  leak  in  the  coffer-dam,  which  flooded  the  lock-pit  and 
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delayed  the  work  considerably.  The  cause  of  this  leak  was  found 
to  be  a  crevice  in  the  rock  passing  uiderneath  the  coffer-dam,  and 
despite  all  efforts  to  close  'it,  the  flow  of  water  rapidly  enlarged  the 
break  until  about  50  feet  of  the  clay  in  the  coffer-dam  had  been 
washed  away.  The  large  break  was  closed  by  driving  additional 
sheet-piling  and  filling  in  with  brush,  hay,  and  clay  in  sacks.  This, 
however,  failed  to  entirely  stop  the  leak  through  the  crevice,  and  it 
was  detennined  to  fill  the  cavity  with  clay.  For  this  purpose  a 
3-inch  pipe  was  driven  down  through  the  coffer-dam  until  its  lower 
end  penetrated  the  crevice.  In  this  pipe  small  cylinders  of  clay 
about  one  foot  long  were  placed  and  forced  down  into  the  cavity 
by  means  of  a  plimger  working  in  the  pipe.  The  apparatus  is  shown 
in  the  illustration  (Fig.  23).  As  will  be  seen,  the  plunger,  or  ram- 
mer, is  an  iron  rod,  to  the  top  of  which  is  fastened  a  block  of  wood 
sliding  between  the  guides  of  an  ordinary  pile-driver.  The  hammer 
of  the  pile-driver  is  the  weight  which  pushes  down  the  rammer. 
This  apparatus  was  designed  by  E.  S.  Wheeler,  engineer  in  charge  of 
the  work,  and  was  used  not  only  to  fill  the  crevice,  but  all  along  the 
coffer-dam  for  the  purpose  of  compacting  the  day  filling.  The 
apparatus  proved  most  successful  for  the  purpose  for  which  it  was 
intended." 

The  use  of  rods  for  bracing  in  double-walled  coffer-dams  is  very 
often  the  cause  of  considerable  leakage,  the  water  following  along 
them  through  the  puddle.  This  may  be  stopped  by  .wrappii^  a 
band  of  hay  or  straw  around  the  rod  next  to  the  timbers,  or  by  a 
wrapping  of  coarse  cloth,  or  by  a  wood  washer  having  a  hole  slightly 
smaller  than  the  rod,  which  is  forced  through. 

The  walls  of  the  dam  must  always  be  made  tight,  and  this  we 
have  seen  to  be  effected  by  careful  framing  of  sides  and  bracing, 
and  it  will  be  seen_in  a  later  example  how  round  struts  between  the 
two  walls  allowed  the  puddle  to  flow  around  them  and  close  up  much 
better  than  if  the  braces  were  square  timbers. 

The  use  of  candle-wicking  between  the  staves  proved  successful 
at  Fort  Madison,  and  calking  is  vsry  often  resorted  to  at  the  first, 
and  also  to  close  up  local  leaks.  The  use  of  this  and  the  use  of  a 
stiff  grease  between  the  layers  of  a  crib  will  be  referred  to  in  another 
part  of  this  article. 

•  The  use  of  tarpaulins  to  make  a  water-tight  piece  of  work  is 
described  in  the  Trans.  Am.  Soc.  C.  E.,  Vol.  31,  by  Montgomery  Meigs, 
engineer  in  charge  of  the  government  work  at  Keokuk,  Iowa.  "  The 
upper  one  of  three  locks  was  twice  repaired  by  separating  it  from 
the  river  by  an  ordinary  plank  and  mud  coffer-dam.     But  as  this 


D.qit.zeaOvGoOt^lc 


CONSTRUCTION  AND  PRACTICE— CRIBS  AND  CANVAS      41 

work  had  to  be  done  after  the  close  of  navigation,  it  was  found  to  be 
very  unsatisfactory  on  account  of  the  freezing  of  the  puddle,  and 
on  one  occasion  Uie  partly  puddled  dam  froze  and  upset.  After 
this  experience  it  was  determined  to  use  some  other  method  than 


'  Foundation  Rock 


puddle  to  produce  tightness.  There  was  available  for  drainage  a 
So-H.P.  suction  dredge,  with  14-inch  suction,  and  a  rotary  Van  Wie 
pump,  and  plenty  of  12-inch  discharge-pipe  mounted  on  pontoons. 
It  was  proposed  to  drain  the  lock  with  this  dredge,  allowing  the 
boat  to  settle  in  the  mud  at  the  bottom  of  the  lock  as  the  water 
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left  it,  and  to  complete  the  work  with  a  3-inch  discharge  pulsometer. 
The  lock  being  350  feet  long  and  80  feet  wide,  a  flat  place  on  the 
bottom  was  selected,  the  dredge  placed  over  it  and  the  necessary 
length  of  discharge-pipe  placed  in  position  on  its  pontoons.  The 
point  selected  for  a  bulk-head  (Figs.  24  and  25)  was  just  outside 
the  lock  gates,  about  40  feet  below  the  lower  miter-sill,  where  there 


Fig.  24. — Details 


Plank  Bulkhead. 


was  a  smooth  rock  bottom,  the  ends  of  the  dam  abutting  against 
the  flaring  ashlar  wing-walls  of  the  lock  approach. 

"  The  bulkhead  was  constructed  with  thirteen  bents  8  feet  apart, 
of  the  size  timber  shown,  with  light  diagonal  bracing.  After  being 
built  2^  miles  from  the  lock  it  was  towed  to  position  and  sunk  by 
weighting  it  with  old  railroad-rails,  enough  being  used  to  overcome 
the  buoyancy  after  the  sheathing  was  added.  A  diver  was  employed 
to  see  that  the  bottom  was  clear  of  obstructions  and  to  guide  the 
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bulkhead  to  a  solid  bearing.  The  sheathing  was  also  guided  to 
place  by  his  assistaoce. 

"  The  canvas  sheet,  which  was  designed  to  give  tightness  to  the 
apron,  was  of  two  breadths  of  lo  feet  and  one  breadth  of  6  feet 
wide,  sewed  together  edge  to  edge  for  convenience,  and  about  4  feet 
longer  than  the  extreme  jength  of  the  apron.  Some  old  J-inch  and 
|-inch  chain  was  sewed  to  one  edge  continuously  to  act  as  a  ^nker 
and  insure  the  lower  edge  of  the  canvas  sheet  hugging  the  bottom 
tightly.  A  few  stones  laid  on  it  would  have  answered  the  same  pur- 
pose, but  not  so  well.    The  canvas  was  la-ounce  duck. 

"  The  sheet  was  spread  under  water  by  the  diver.  It  lapped  on 
the  bottom  about  12  inches,  covered  the  face  of  the  apron  and  ex- 
tended some  inches  up  the  face  of  the  wing-walls  at  the  end  of  the 
dam.  Cleats  were  nailed  on  the  angle  between  the  apron  and  the 
wing-walis.  These  were  of  i  X^-inch  strips,  nailed  with  2-inch  wire 
nails  about  12  inches  apart.  The  upper  edge  of  the  canvas  was  also 
lightly  cleated  to  the  planking  in  a  similar  manner.  No  other  nails 
were  driven  in  the  canvas,  which  was  designed  to  be  cut  up  into 
tarpaulins  eventually.  Where  the  plank  touched  bottom  no  bevehng 
was  used,  but  one  ragged  hole  was  stopped  wi  th  the  beveled '  stop  waters ' 
which  were  made  use  of.  The  dam  was  pumped  out  in  about  6 
hours  and  the  leakage  was  so  small  that  a  3-inch  discharge  pulsometer 
kept  out  the  water,  and  was  then  run  only  at  intervals.  Small  leaks 
were  stopped  by  dumping  rotten  stable  manure  in  their  \-icimty," 

It  is  interesting  to  note  that  the  bulkhead  stood  a  pres.sure  of 
12  feet  of  water.  Experiments  made  to  determine  what  pressure 
i2-ounce  duck  would  stand,  show  that  the  clean  canvas  begins  to  leak 
at  a  pounds  pressure,  and  at  5  pounds  pressure  the  leakage  becomes 
a  marked  amount.  With  mud  on  the  canvas  the  leakage  becomes 
noticeable  at  from  5  to  7  pounds,  and  of  a  considerable  amount  at 
50  pounds  pressure,  these  pressures  being  on  a  circle  4J  inches  in 
diameter.    The  canvas  did  not  rupture  at  800  pounds. 

The  suggestion  is  made  to  use  an  inverted  funnel  of  canvas  to 
stop  the  leakage  of  springs  on  rock  bottom.  (Fig.  26.)  The  canvas 
to  be  spread  out  over  the  bottom  and  weighted  down  with  concrete, 
and  the  top  wired  to  a  pipe  into  which  the  water  may  rise  until  the 
pressure-head  is  overcome  or  the  pipe  can  be  plugged.  Arrangements 
of  this  nature,  but  without  the  canvas  funnel,  have  been  frequently 
used.  An  iron  pipe  set  on  end  is  fitted  over  the  leak,  and  after 
concreting  around  to  make  it  water-tight,  the  water  rises  inside  until 
the  pressure  is  balanced.  A  water-tight  wooden  box  may  also  be  used 
for  the  same  purpose. 
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The  founding  of  a  new  inlet  tower  in  the  Mississippi  at  the  St. 
Louis  water-works  was  accomplished  by  using  a  coffer-dam,  and  it 
was  the  intention  to  form  a  junction  with  the  bottom  by  using  a 
canvas  curtain.  When  the  coffer-dam  was  floated  into  position  and 
the  divers  were  sent  down  to  spread  the  canvas  and  weight  it  down 
with  stones,  it  was  found  to  be  damaged  so  as  to  be  useless.  This 
was  supposed  to  be  due  to  the  action  of  the  swift  current,  but  was 
most  probably  due  to  some  accident  such  as  fouling  on  a  snag  or 
against  a  barge. 

The  anchoring  of  the  crib  for  this  dam  is  related  in  the  Engineering 
News  of  July  4,  1891.  The  dam  was  to  be  located  near  the  head 
of  a  stone  dike  about  20  feet  in  height  and  on  solid  rock  bottom  which 
was  uneven  .and  worn  into  grooves  by  the  action  of  the  current. 


Fic.  36. — Canvas  Fdkhel  fob  Closing  Leaks. 

which  had  a  velocity  of  between  6  and  8  miles  per  hour.  The  bot- 
tom was  leveled  off  by  blasting,  to  receive  the  crib,  which  was  to  be 
sunk  in  from  15  to  18  feet  of  water. 

The  three  triangular  cribs  shown  (Fig.  27)  were  sunk  ana  filled 
with  stone  and  were  used  to  hold  the  dam  in  place  while  building 
and  while  being  sunk.  Steel  cables  1}  inches  in  diameter  were  used 
as  anchors. 

The  large  crib  also  served  as  a  protection  from  the  current  and 
drift. 

The  size  of  the  crib  was  38X74  feet  outside  and  the  height  22 
feet.  The  i2Xi2-inch  yellow  pine  timbers  were  drift-bolted  together 
with  from  i  to  2  feet  spacing  of  bolts,  and  all  the  Joints  between  the 
timbers  were  calked.  The  bracing  consisted  of  i  a-inch  square  timbers, 
of  which  there  were  three  rows,  the  braces  in  each  row  being  4  feet 
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apart  vertically.  These  were  cut  out  as  the  masonry  was  built  up 
and  bracing  against  the  stone  work  substituted. 

There  were  four  sets  of  diagonal  bracing  as  shown.  The  qiace 
between  the  walls,  which  was  3  feet,  was  partly  ^ed  with  concrete 
in  sacks,  and  puddle  placed  on  top.  Sacks  of  clay  were  banked 
up  around  the  outside,  and  then  the  dam  was  pumped  dry  with 
a  lo-incfa  pump.  Inside  was  found  8  feet  of  mud  and  60  sacks  of 
concrete  which  had  been  washed  there  by  the  swift  current. 

The  amount  of  timber  used  was  125,000  feet,  B.M.,  and  about 
12,000  feet  of  |-inch  round  iron  for  drift-bolts.  The  puddle- 
chamber  required  1000  sacks  of  concrete  and  100  barge  loads  of  clay, 


Fio.  37. — Ceibs  for  Ancbokikg  St.  Louis  Copfeb-dam. 

whSe  10,000  sacks  were  used  for  banking  up  clay  on  the  outside. 
This  work  was  constructed  under  the  direction  of  C.  V.  Mersereau, 
Division  Engineer,  under  S.  B.  Russell,  Principal  Assistant  Engineer. 

The  Queen's  Bridge  at  Melbourne,  Australia,  is  a  plate-girder 
structure  with  four  piers  of  S  cylinders  each.  The  bottom  was  a  reef 
of  bluestone  which  had  been  shattered  by  blasting  and  which  was 
sUted  over  with  about  3  feet  of  very  soft  silt. 

The  use  of  ordinary  puddle  coffer-dams  was  thought  to  be  too 
expensive,  as  the  bridge  was  100  feet  in  width,  and  it  was  proposed 
to  use  a  angle  wall  of  timber  protected  by  tarpaulins.  The  account 
of  tliis  work  is  taken  from  the  Engineering  News  of  April  4,  1895, 
which  ban  abstract  of  a  paper  by  W.  R.  Renwick,  engineer  in  charge. 

To  insure  as  light  a  construction  as  possible  experiments  were 
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made  on  the  strength  of  Oregon  pine,  and  it  was  found  that  tests  of 
water-soaked  timber  showed  a  loss  of  strength  of  as  much  as  33 
per  cent.,  when  compared  with  tests  of  seasoned  timber.  The 
break,  too,  of  the  water-soaked  pieces  was  very  short.  This  strength 
bdng  the  one  adopted,  a  very  low  factor  of  safety  was  used.  A 
separate  dam  was  constructed  around  each  tube,  but  with  one  side  to 
open  as  a  door  to  allow  its  removal  and  use  for  another  place.  The 
frame  was  made  from  12X12  Oregon  pine,  with  the  sticks  placed 
closer  together  near  the  bottom  to  resist  the  greater  water  pressure, 
and  12X12  pieces  were  run  up  the  comers,  the  frames  being 
notched  in.  These  also  served  as  spacers  for  the  side  timbers  and 
as  door  frames.  The  sheeting  on  the  outside  was  of  4X12  rough 
timber,  and  outside  of  this  at  the  top  and  bottom  were  wale-pieces, 
6X12,  bolted  through  the  frames  with  i-inch  bolts  to  hold  the 
sheeting  in  place. 

The  tarpaulin  was  passed  completely  around  the  dam,  being 
tacked  to  the  waling-pieces,  and  so  arranged  as  to  allow  the  door 
to  of)en. 

When  the  dam  had  been  placed  around  a  tube  the  sheeting  was 
driven  down  to  rock,  through  puddle  which  had  been  dumped  on 
the  bottom,  and  the  pumping  was  readily  done  with  pulsometer 
pumps.  The  only  serious  leaking  was  where  the  i-inch  bolts 
passed  through  the  Joints  between  the  sheeting,  but  these  were 
plugged  with  soft  wood  plugs,  and  in  other  work  the  bolts  were 
flattened  to  three-eighths  of  an  inch  where  they  passed  between  the 
plank.  The  dams  were  removed  by  first  drawing  the  sheeting  up  to 
its  original  position,  when  the  door  was  opened  and  the  crib  taken 
to  another  tube.  The  depth  of  water  was  about  15  feet,  but  while 
this  was  successful  in  this  instance,  the  method  should  not  be  copied 
unless  the  conditions  are  favorable,  nor  unless  the  cribs  are  made 
practically  water-tight  in  themselves. 

This  was  the  case  in  the  above  work,  as  one  of  the  tarpaulins  was 
accidentally  torn  off  and  the  dam  still  excluded  the  water,  so  that 
the  tarpaulin  was  only  a  wise  precaution.  Why  the  cylinders 
were  not  made  water-tight  and  used  as  their  own  coffer-dam  is 
not  stated,  but  this  possibly  could  have  been  done. 

Sheets  of  tarpaulin  in  closing  accidental  leaks  could  doubtless  be 
employed  frequently,  but  as  the  sole  dependence  for  producing  tight- 
ness it  should  be  used  with  extreme  care,  in  a  gentle  current  and 
well  protected  from  damage. 

TTie  pivot  pier  of  the  Harlem  Ship  Canal  bridge  was  founded  in  a 
polygonal  coffer-dam,  from  the  plans  of  William  H.  Burr,  consulting 
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SECTION  OF  DAM 


FlG.  3&. — Details  op  Cofvkb-dam  Used  on  Aktuuk  Kill  Drawbudlie 
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engineer.  The  work  is  described  in  the  Engineering  Record  of  July 
24,  1897:  "The  rock  bottom  sc-cured  by  the  canal  cxciivation  being 
an  acceptable  surface  for  the  masonry  of  the  pivot  pier,  it  was  con- 
structed in  a  polygonal  double-walled  coffer-dam  with  thirteen  sides 
25  feet  high  and  60  leet  in  extreme  diameter.  The  great  dimensions 
of  the  cofler-dam  would  have  made  it  difficult  to  build  and  launch  it 
on  shore.  Consequently  it  was  built  partly  on  a  detachable  raft. 
As  shown  in  the  illustration  (Fig.  29)  the  inside  wall  was  built  up  of; 
timbers  lapped  and  halved  at  the  angles;  the  outer  wall  timbers 
were  carefully  butt-jointed  and  secured  by  cross-struts  and  i-inch 
bolts  to  the  inside  wal|s.  The  rough-sawed  horizontal  surfaces  of 
the  inner  wall  were  bedded  in  stiff  grease  and  the  joints  calked, 
which  notably  resisted  the  penetration  of  the  water.  Each  course 
of  timber  was  secured  to  the  one  below  it  by  ^-Inch  drift-bolts  spaced 
about  4  feet  apart.  When  the  bottom  was  thoroughly  cleaned  the 
concrete  was  dumped  in  place  by  a  special  steel  bucket.  Concreting 
was  carried  on  night  and  day  and  was  completed  before  puddling  was 
begun.  Considerable  difficulty  was  occasioned  by  the  irregularities 
of  the  bottom  which  the  coffer-dam  could  not  be  made  to  fit 
closely.  Divers  were  sent  down  and  filled  in  bags  of  sand,  as  at  S, 
and  riprap  R  was  piled  up  outside  to  protect  it.  Then  the  space 
between  the  walls  was  filled  with  puddle." 

Another  polygonal  dam  was  constructed  for  the  draw  pier  of 
the  Arthur  Kill  bridge,  by  Alfred  P.  Boiler,  consulting  engineer.  The 
following  account  is  taken  from  Vol.  27  of  the  Transactions  Am.  Soc. 
C.  E,:  "  It  was  necessary  to  use  as  little  space  as  possible  for  the  dam, 
and  to  construct  it  without  interior  bracing,  so  that  a  double-walled 
twelve-sided  polygon  (Fig.  28)  with  walls  4  feet  apart  in  the  clear 
was  used.  The  rock  bottom  was  over-laid  with  2  feet  of  clay  and 
the  clay  with  iS  inches  of  sand  and  mud,  the  depth  of  water  over  the 
rock  being  28  feet  at  high  tide.  The  square  hemlock  timbers  used  in 
the  walls  were  halved  together  and  the  walls  braced  together  by 
bolts  and  round  timbers  for  stmts,  the  round  timbers  allowing  the 
puddle  to  run  around  them  and  pack  well  as  thrown  in.  Clamp 
timbers  4X6,  in  two  lengths,  were  held  in  place  by  the  bolts  and  the 
struts  were  braced  against  6-iQch  plank.  The  dam  was  built  to  one- 
third  its  height  on  shore,  then  towed  to  position  and  buiit  up  until 
grounded.  Between  the  timbers  and  the  joints  candle-wicking  was 
placed,  and  the  courses  drift-bolted  together  every  3  feet  and  spiked 
at  the  joints.  The  rock  was  dredged  bare  before  placing  the  crib, 
which  was  filled  with  a  hard,  gravelly  clay  between  the  walls  after 
being  sunk  in  place.    A  rich  Portland  concrete  was  dumped  inside, 
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from  triangular  buckets,  to  seal  the  bottom,  and  then  the  dam  was 
pumped  out  with  a  6-inch  pump  and  kept  dry  by  pumping  at 
intervals.  In  one  place  the  concrete  was  not  thick  enough  and  a 
spring  came  up  through  a  fissure  in  the  rock.  This  was  boxed  in 
and  led  to  the  sump.  The  material  used  was  i40,ooolfeet  of  timber, 
15,000  pounds  of  iron,  and  600  yards  of  puddle." 

A  piece  of  work  similar  to  the  Canadian  Pacific  example  was  an 
octagonal  single-walled  dam  used  in  the  construction  of  the  Coteau 


Fio.  30. — CoFFER-DAii  FOR  Pivot  Pieb 
OF  THE  Coteau  Bridge. 

bridge  on  the  Canada  Atlantic  Railway.  This  is  illustrated  in  the 
Engineering  News  of  May  30,  1891  (Fig.  30).  The  dam  was  braced 
thoroughly  with  cross-timbers  built  into  the  sides,  and  the  bottom 
beu^  of  rock  it  was  partly  filled  with  concrete  to  make  it  water- 
Ught. 

The  following  account  of  a  very  cheap  and  novel  method  of 
construction  is  from  the  Engineering  Record,  Aug.  2,  1913: 

"  Chelsea    Bridge  NorUi  carries  highway  and  street-car  traffic 
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over  the  north  or  main  channel  of  the  Mystic  Riyer,  between  the 
Charlestown  District  (Boston)  and  Chelsea,  and  forms  a  part~of 
one  of  the  most  important  highways  out  of  Boston.  It  has  pile 
approaches,  built  in  1880,  and  had  a  retractile  drawspan  built  in  1895 
and  lengthened  in  1900  to  span  a  waterway  60  ft.  in  width. 

"  On  account  of  the  rapidly  increasing  water  traffic  of  the  Mystic 
RK-er,  and  because  the  waterway  was  in  an  unsatisfactory  location,  the 
Secretary  of  War,  on  January  3,  1910,  ruled  that  the  bridge  was  an 
unreasonable  obstruction  to  the  free  navigation  of  the  river  and 
ordered  that  the  clear  width  of  the  draw  opening  be  increased  to 
100  ft.  or  more. 

"The  new  drawspan  is  to  afford  two  waterways,  each  125  ft. 
wide  in  the  clear  and  30  ft.  deep  below  low  water.  It  will  be  363 
ft.  long  over  all,  60  ft.  wide,  and  will  weigh  1400  tons,  affording  a 
clearance  above  mean  low  water  of  25  ft.  The  contract  for  building 
the  permanent  pivot  pier  and  the  wooden  fender  piers,  for  the  rebuild- 
ing of  the  existing  pile  approaches,  and  for  building  and  removing 
the  temporary  by-pass  bridge  to  provide  for  travel  during  the  recon- 
struction was  awarded  in  February,  1912,  to  Mr.  George  T,  Rendle, 
of  Boston,  and  will  cost  approximately  $200,000.  The  estimated 
total  cost  of  the  whole  work,  including  the  draw  superstructure,  is 
$425,000. 

"  The  pivot  pier  has  a  concrete  base  60  ft.  in  diameter  and  39  ft. 
high,  with  its  foundations  on  solid  rock  and  the  upper  part  about  i  ft. 
above  mean  low  water.  The  weight  of  the  base  and  the  volume  of 
concrete  required  for  it  are  reduced  by  the  construction  of  a  con- 
Centric  cylindrical  chamber  30  ft.  in  diameter  and  22  ft.  high  in  the 
upper  part.  The  top  of  this  chamber  is  spanr^ed  by  steel  I-beams 
supporting  part  of  the  load  from  the  pier  shaft  above,  which  is  $1 
ft.  in  diameter  and  about  13  ft.  high  from  the  top  of  the  base  to 
the  top  of  the  coping.  It  is  faced  with  five  courses  and  a  coping  of 
quarry  faced  granite,  backed  by  a  solid  mass  of  concrete,  which,  like 
that  of  the  base  portion,  is  made  of  i  :  2  :  4  Edison  Portland  cement, 
sand,  and  stone  up  to  2  in.  in  diameter. 

"  At  the  pier  site  an  excavation  65  ft.  in  diameter  was  dredged  to 
bedrock,  which  was  found  at  depths  varying  from  30  to  38  ft.  below 
low  water.  The  material  was  removed  chiefly  by  a  dipper  dredge 
and  consisted  of  about  8  ft,  of  soft  silt  mixed  with  sand,  from  about 
17  ft.  to  25  ft.  below  low-water  level,  beneath  which  there  were  about 
8  ft.  of  blue  clay,  and  then  a  stratum  of  very  hard  sand,  gravel  and 
clay,  with  a  thin  stratiun  of  shale  covering  the  bedrock.  The  slopes 
of  the  excavated  area  were  maintained  at  2^  horizontal  to  i  vertical 
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"  The  basket  crib,  Fig.  3 1 ,  or  form  for  the  pier  foundation,  was  built 
of  about  one  hundred  and  forty-iive  horizontal  courses  of  3Xi2-in. 
yellow-pine  planks,  8  ft.  long,  laid  flat  and  breaking  joints.  The 
ends  were  beveled  to  make  radial  joints,  and  each  plank  was  secured 
to  those  below  it  by  i-in.  oak  treenails  9  in.  long,  two  at  each  end 
of  each  plank,  about  seven  thousand  eight  hundred  treenails  being 
required  for  the  entire  crib.  In  addition  the  planks  were  well  spiked 
to  the  lower  courses  throughout  their  entire  length  with  6-in.  spikes. 
The  courses  were  also  secured  together  by  4Xi2-in.  vertical  planks 
opposite  alternate  joints,  which  were  fastened  to  the  inner  circles  of 
the  crib  by  lag  screws.    The  crib;  which  contained  about  83,000 
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ft.  B.  M.  of  yellow-pine  plank,  was  built  up  to  a  height  of  3  or  4  ft. 
on  shore  between  high-  and  low-water  marks,  and  was  then  floated 
to  deeper  water  and  completed  while  still  floating.  After  completion 
it  was  towed  into  position  and  held  by  guide  piles,  spaced  about  12 
ft.  apart  around  its  circumference. 

"  To  sink  the  crib  it  was  first  planned  to  build  exterior  pockets 
which  Would  be  filled  with  gravel,  but  they  were  eventually  dispensed 
with,  and  the  crib  was  sunk  by  loading  it  with  old  iron,  with  stone 
intended  for  use  in  the  pier  masonry,  and  with  heavy  ciiains  hung 
over  the  walls  of  the  crib. 

"  There  was  no  attempt  to  construct  the  crib  so  that  on  the  bot- 
tom it  should  conform  to  the  variations  of  the  rock  surface.  Instead, 
the  bottom  of  the  crib  was  made  level  and  it  was  sunk  until  it  took 
bearing  on  only  a  portion  of  the  lower  edge  at  the  highest  rock  level. 
Then,  to  provide  continuous  bearing  at  all  parts  of  the  circumference, 
and  especially  to  complete  the  inclosure  of  the  crib  and  confine  the 
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concrete  that  was  afterward  deposited  within  it,  wooden  boxes  of 
varying  size,  but  averaging  about  4  ft.  square,  and  4  ft.  deep,  were 
filled  with  lean  concrete,  lowered  to  the  bottom  and  placed  by  divers 
under  the  edge  of  the  crib  to  form  a  continuous  wall.  After  the 
concrete  boxes  were  placed  the  excavation  outside  of  the  crib  was 
backfilled  with  gravel  and  dredged  material  until  the  whole  crib 
was  surrounded  by  filling  to  about  29  ft.  below  low  water,  or  some  2 
ft.  above  the  bottom  course  of  plank  of  the  crib.  This  back-filling 
formed  an  effectual  seal  to  retain  lie  concrete  which  was  deposited 
in  water  inside  the  crib  without  unwatering  the  latter. 

"  Broken  stone  and  sand  were  delivered  both  by  lighter  and  by 
team.  The  cement  was  conveyed  by  team.  All  the  materials  were 
stored  on  the  old  bridge  close  to  the  draw  opening,  where  the  stone 
and  cement  were  measured  by  shoveling  into  scale  boxes.  Between 
the  old  bridge  and  the  pivot  pier  was  moored  a  concrete  mixing  scow, 
equipped  with  a  Milwaukee  mixing  machine  and  a  boom  derrick. 
The  derrick  delivered  the  scale  boxes  of  sand  and  stone  from  the  old 
bridge  to  the  charging  hopper  of  the  mixing  machine.  The  concrete 
was  mixed  in  i-yd.  batches  and  delivered  to  a  submarine  bucket 
with  bottom  flap  doors.  The  bucket  was  handled  by  the  derrick 
on  the  mixing  scow  and  was  so  constructed  that  the  doors  were  not 
opened  until  the  bucket  was  seated  on  the  bottom  of  the  pier  founda- 
tion, after  which  the  concrete  was  automatically  deposited  as  the 
bucket  was  lifted  by  the  derrick. 

"  After  the  concrete  foundation  had  been  built  up  to  within  20  ft. 
of  low-water  level  a  permanent  form  was  set  in  the  center  of  the  pier 
for  the  cylindrical  chamber  above  referred  to,  and  the  remainder 
of  the  concrete  was  deposited  in  a  concentric  ring  between  this  form 
and  the  basket  crib.  The  concrete  was  deposited  in  water  up  to 
about  low-water  level,  and  as  the  basket  crib  extended  about  5  ft. 
above  low  water  it  was  possible  to  unwater  the  crib  at  half  tide  or 
less,  and  the  remamder  of  the  work  on  the  pier  was  carried  on  in  the 
dry.  This  consisted  in  placing  20-in,  steel  I-beams  over  the  hollow 
center,  the  buDding  of  forms  upon  these  I-beams,  and  the  covering 
of  the  whole  pier  foundation  with  a  layer  of  concrete  about  2  ft.  in 
depth,  which  was  leveled  off  in  readiness  for  the  laying  of  the  stone 
masonry  of  the  upper  portion  of  the  pier. 

"  The  pier  contains  about  3673  cu.  yds.  of  concrete  and  323  yds. 
of  granite  masonry,  The  construction  of  the  basket  crib  was  com- 
menced Aug.  8,  1912.  It  was  sunk  in  position  Sept.  14,  1912.  Con- 
creting was  commenced  Sept.  28,  191 2,  and  the  pier  was  completed 
ready  to  receive  the  superstructure  Dec.  7,  1912. 
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"  The  work  was  designed  and  executed  under  the  direction  of  the 
Public  Works  Department  of  the  City  of  Boston,  of  which  Mr.  L. 
K.  Rourke  is  commissioner;  Mr.  Frederic  H.  Fay,  engineer,  Bridge 
and  Ferry  Division,  and  Mr.  S.  E,  Tinkhara,  engineer  of  construction." 

The  different  forms  of  sheet-piling  will  next  be  taken  up,  together 
with  the  pile-driving  machinery  and  the  methods  of  driving  both 
sheet-  and  guide-piles.  After  this  will  be  described  the  use  of 
sheet-piles  for  forming  water-tight  coffer-dams,  by  reference  to  actual 
constructions  of  that  character. 
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PILE-DRIVING   AND  SHEET-PILES* 

In  do  department  of  engineering  have  ancient  methods  been 
more  rigidly  adhered  to  than  in  that  of  pile-driving.  The  form  of 
the  pile-driver  derrick  has  remained  so  characteristic  that  a  person 
but  slightly  familiar  with  the  subject  would  have  little  difficulty  in 
recognizing  the  pile-driver  in  the  picture  of  Cesar's  Bridge  (Fig.  3) 
in  Chapter  I.  The  bridge  of  the  Emperor  Trajan  over  the  river 
Danube  is  an  instance  of  the  early  use  of  piles.  This  bridge  was 
constructed  in  the  first  century,  and  when  the  pUes  under  water 
were  examined  in  the  eighteenth  century  they  were  found  in  some  case? 
to  have  become  petrified  to  a  depth  of  three-fourths  of  an  inch  from 
the  surface,  beyond  which  the  timber  was  in  its  original  state.  Before 
derricks  were  used  it  is  probable  that  piles  were  driven  by  a  large 
maul  of  hard  wood,  which  is  termed  by  Cresy  a  "  three-handed 
beetle."  The  block  of  hard  wood  was  hooped  with  iron  and  had  two 
handles  radiating  from  its  center,  to  be  worked  by  two  men,  while 
a  third  man  assisted  in  lifting  it  by  means  of  a  short  handle  opposite. 

Wooden  mauls  are  still  used  where  sheet-piling  is  to  be  driven 
into  a  soft  bottom,  and  heavy  iron  mauls  or  sledges  are  also  used; 
but  as  has  been  frequently  stated  such  a  soft  bottom  should  be 
dredged  and  some  more  elaborate  apparatus  used  to  drive  the  piles 
into  a  harder  substratum. 

The  most  primitive  form  of  the  pile-driving  derrick  is  similar 
to  the  one  used  in  1751  by  the  celebrated  French  engineer,  Perronet, 
at  the  bridge  of  Orleans  (Fig.  32).  This  was  arranged  with  a  number 
of  small  ropes  splayed  out  from  the  end  of  the  lead  line,  so  that  a  num- 
ber of  men  could  pull  down  at  one  time,  the  drop  of  the  hammer, 

*  The  subject  of  pile-driving  has  been  restricted  to  the  ordineiy  methods  and  opera- 
tiODs;  such  udusubI  processes  as  gunpowder  pile-driving  and  the  like  have  not  been 
referred  to. 

Pile-driving,  with  the  as^tance  of  the  water-jet,  has  been  described  in  Chapter  V  and 
in  the  account  of  ttie  Sandy  Lake  raffer-dam.  The  ordinaiy  (q>eiBticHiE  of  pile-driving, 
as  piacticed  on  that  work,  are  also  described  in  some  deUil. 
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of  course,  being  limited  by  the  reach  of  the  men's  arms.  The  wind- 
lass shown  was  for  the  purpose  of  raising  the  pile  into  place  between 
the  leads. 

The  same  engineer  improved  upon  this  derrick  by  adding  a 
large  bull-wheel  to  the  windlass,  on  which  was  wound  a  rope  to  be 
pulled  by  a  horse  from  the  side,  as  shown  in  Fig.  33,  thus  winding 
up  the  lead  line  on  the  windlass.  This  same  apparatus  is  in  use 
down  to  the  present  time,  except  that  one  seen  recently  had  the 
windlass  at  right  angles  *.o  the  one  illustrated. 

The  ram  or  hammer  used  in  olden  times  was  of  oak,  bound  with 
iron,  and  weighed  for  the  work  at  Orleans  1200  pounds  for  the  main 
piles,  which  were  9  to  12  inches  in  diameter  and  which- were  driven 
3  to  4  feet  apart,  center  to  center,  to  a  depth  of  6  feet  into  the  bed 


FlO.   3». — PEHRONET'S    PlLE- 


of  the  river;  the  ram  for  the  sheet-piles  only  weighed  half  as  much, 
the  sheet-piles  being  about  12  inches  wide  by  4  inches  thick. 

At  the  bridge  of  Saumur,  which  was  built  about  the  year  1756, 
De  Cessart  employed  a  driver  with  a  bull-wheel,  in  the  periphery 
of  which  were  set  pins,  to  form  handles  for  the  men  to  pull  upon  and 
rotate  the  wheel.  Eight  men,  by  making  three  turns  of  the  wheel, 
raised  the  ram  weighing  1500  pounds  6  feet,  when  it  was  unhooked 
and  allowed  to  drop.  The  piles  cost  from  two  to  five  dollars  each 
in  place. 

A  very  simple  form  of  pile-driver  is  shown  in  Fig.  34,  and  was 
described  in  the  Engineering  News  of  March  16,  1893,  by  Julian  A. 
Hall.  The  hammer  is  hewed  out  of  a  section  of  a  hardwood  log, 
and  has  pieces  bolted  on  the  sides  to  hold  it  in  the  leads,  which  should 
give  plenty  of  clearance.  The  derrick  was  constructed  of  very  light 
timber,  the  verticals  being  4-inch  sawed  stuff  and  the  bottom  tim- 
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bers  6X6  inches.  The  rope  passes  over  the  sheave  A  and  down  over 
the  tops  of  the  steps  B,  B,  on  which  the  men  stand  to  pull  the  line 
and  thus  operate  the  hammer.  This  was  a  very  incxix-nsive  appa- 
ratus and  was  found  to  work  well.  Where  there  is  already  in  use  a 
heavier  hammer  of  cast  iron  it  can  be  used  by  striking  light  blows. 
The  construction  of  the  ordinary  pile-driver  derrick  is  a  simple  piece 
of  framing,  when  good  straight 
timber  is  easily  obtained,  the 
essential  features  being  to  keep 
the  leads  free  from  any  obstruc- 
tion for  the  hammer  and  to  have 
efficient  bracing. 

For  bracing  a  derrick  under 
25  feet  a  straight-back  brace  or 
ladder  having  two  horizontals 
running  to  the  leads,  and  two  side- 
braces  will  be  sufficient.  But  Fig.  34.— Sheet-foe  Dmveh. 
for  a  higher  one,  either  additional 

long  braces  should  be  used  or  diagonals  introduced  between  the  leads 
and  the  ladder.  The  use  of  long  braces  is  shown  in  Fig.  35,  which 
is  the  design  of  pile-driver  such  as  is  used  about  harbors  or  rivers 
on  heavy  work.  It  would  be  mounted  on  a  scow  or  flatboat  60  feet 
in  length,  25  feet  in  width  and  of  about  6  feet  in  depth.  The  design 
of  smaller  derricks  can  be  approximated  from  this  one,  the  bracing 
being  used  in  proportion. 

It  will  be  noticed  that  the  guides  for  the  hammer  are  4"X4" 
lined  with  a  steel  plate.  Two  lines  are  provided,  one  being  for  the 
o[>eration  of  the  hammer  and  the  other  for  pulling  piles  into  place. 
Especial  attention  is  called  to  the  hooks  at  -4,  as  these  arc  seldom 
shown  in  the  plan  of  a  derrick  and  they  are  of  constant  use  for  clamp- 
ing and  guiding  piles.  A  timber  laid  across  is  wedged  tight  against 
the  pile  to  draw  it  to  line,  and  can  be  used  to  correct  a  stick  which 
is  beginning  to  slant  badly.  Similar  clamps  of  course  are  used  on  the 
opposite  side  of  the  leads. 

Where  a  pile  begins  to  sliver  or  split  in  driving,  if  the  sliver  is 
spiked  down  and  the  clamps  used  to  hold  it  in  place,  the  trouble 
can  usually  be  corrected  before  the  pile  is  badly  damaged. 

The  use  of  diagonal  bracing  between  the  leads  and  ladder  is 
shown  in  the  Lidgerwood  derrick  (Fig.  .^6)  in  which  a  diagonal  is 
introduced  between  each  pair  of  horizontals.  This  form  of  bracing 
is  very  satisfactory  and  equally  as  good  as  the  other  method.  The 
diagonals  on  a  very  large  driver  may  be  extended  over  two  panels 
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and  planks  spQied  down  to  the  horizontals  to  form  a  plationn  for 
the  workmen.  In  smaller  derridcs  the  diagonal  bracing  is  most 
always  omitted,  dependence  being  placed  in  the  stiffness  of  the  leads 
and  the  bracing  from  the  ladder  and  horizontals,  as  was  done  in  the 
derrick  shown  in  Fig.  4. 


Fig.  js.— PitE-DBivEB  Dehhick  fob  Use  on  a  St«w. 


The  power  for  driving  with  a  small  hammer  weighing  from  500 
to  1500  pounds,  may  be  furnished  by  laborers  pulling,  but  this  is 
a  slow  operation  and  horse-power  is  nearly  always  used  where  steam 
is  not  available.  The  power  is  furnished  from  a  drum  with  a  long 
lever,  to  which  the  horse  is  hitched  and  winds  up  the  hammer  by 
walking  in  a  circle  about  the  drum,  the  frame  of  which  is  firmly  fast- 
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ened  in  place.  This  is  called  a  "  horse-power  "  apparatus  and  works 
slowly,  but  is  a  cheap  and  satisfactory  way  where  a  very  few  piles 
are  to  be  driven.  To  the  hammer-line  are  attached  the  tongs  or 
nippers,  which  engage  the  pin  in  the  top  of  the  hammer  (Fig.  37), 
and  when  the  hammer  has  reached  the  proper  height  it  is  dropped 
by  pulling  a  tripping-rope  and  releasing  the  tongs,  or  if  the  hammer 
is  hoisted  to  the  top  of  the  leads,  the  top  arms  of  the  tongs  are  pushed 
tc^ther  by  the  wedges  on  the  leads  and  the  hammer  released  autcv- 
matically.  This  is  a  slow  method  on  account  of  waiting  until  the  tongs 
run  down  again  and  engage  the  hammer.  The  horse-power,  of 
course,  has  a  ratchet,  so  that  the  rope  nms  down  free  and  usually  the 


blows  are  hurried  by  overhauling  the  line.  With  the  addition  of  a 
hoisting-engine  all  this  is  changed  and  pile-driving  becomes  one  of 
the  most  stirring  operations  of  the  contractor.  When  the  hanraier 
is  hoisted,  the  friction  lever  is  released  and  the  hammer  descends, 
carrying  the  rope  with  it,  as  the  tongs  are  done  away  with  and  the 
line  attached  directly  to  the  hammer.  A  good  engine  man  will  catch 
the  hammer  on  the  rebound  and  materially  lessen  the  time  between 
the  blows  and  likewise  the  cost  of  driving. 

With  a  heavy  hammer  shorter  drops  are  made,  thus  causing 
much  less  damage  to  the  pile,  which  would  split  badly  under  the 
high  drop  from  the  use  of  tongs.  For  the  smaller-sized  hammers 
— from  1000  to  1500  pounds — an  engine  of  10  horse-power  is  mostly 
used,  as  it  is  usually  thought  best  to  have  a  surplus  of  power  in  case 
of  need;   wiiile  for  a  3000-pound  hammer  a  20-horse-power  engine 
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would  likely  prove  the  best  and  most  economical,  but  not  infrequently 
a  25-horse-power  hoist  is  employed. 

The  cost  of  an  outfit  will  vary  greatly  and  the  only  satisfactory 
way  is  to  get  prices  from  responsible  firms,  but  for  preliminary  esti- 
mates the  cost  of  a  lo-horse-power  hoist  with  single  cylinder  and 
single  drum  may  be  taken  at  about  $900,  and  for  a  20-horse-power 
at  $1270.  Preliminary  prices  for  other  sizes  of  single-cylinder, 
^ngle-drum  hoists,  may  be  obtained  from  the  formula: 


Cost  -  VSi  ,000  Xhorse-power. 

The  double-cylinder  engines  will  cost  about  10  per  cent,  more  and 
double  drums  about  10  per  cent,  additional  to  this. 

Pile-driver  derricks  will  vary  much  in  cost  owing  to  the  loca- 
tion, on  account  of  the  cost  of  timber,  but  a  minimum  cost  for  a 
first-class  derrick  will  be  $6  per  vertical  foot  and  a  maximum  of  $8. 
Being  such  a  simple  structure  the  easiest  and  safest  way  will  be  to 
make  an  estimate  for  each  case. 

In  the  selection  of  an  engine  it  is  well  to  remember  that  with  a 
double  drum  a  second  pile  may  be  hoisted  into  place,  while  the  first 
one  is  being  driven,  as  all  derricks  are,  or  should  be,  provided  with 
two  sheave  wheels  at  the  top  for  this  purpose.  While  a  single-drum 
engine  has  a  spool  for  this  purpose,  it  cannot  be  used  very  satis* 
factorily. 

A  pile-driver  on  a  scow  is  shown  in  Fig.  38,  such  as  was  used  in 
driving  piles  on  the  New  York  State  canals.  Another  pile  is  Just 
being  hoisted  into  position.  The  hoisting-engine  has  no  protecdon, 
but  a  shed  or  house  is  mostly  provided  as  a  protection  from  the 
weather. 

While  little  change  has  ever  been  effected  in  the  design  of  pile- 
driving  derricks,  the  adoption  of  steam-hoists  was  a  great  improve- 
ment, as  was  also  the  invention  of  the  steam  pile-hammer  by  James 
Nasmyth.  The  principle  is  the  same  as  that  of  steam  forging- 
hammers,  and  was  applied  by  Nasmyth  to  pile-driving  in  1845,  the 
hammers  of  this  class  bearing  his  name  to-day.  His  idea  was  that 
the  drop-hammer  was  calculated  more  for  destruction  than  for  use- 
ful effect  and  he  termed  it  the  "  artillery  or  cannon-ball  prindple." 
Besides  this  the  action  of  the  dro[)-hammcr  even  with  the  use  of  the 
"  monkey  "  engine  was  somewhat  slow, 

Samuel  Smiles  says  that  "  in  Nasrayth's  new  and  beautiful 
machine  he  applied  the  elastic  force  of  steam  in  raismg  the  ram  or 
driving-block,  on  which,    the  driving-block  being  disengaged,  its 
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whole  weight  of  three  tons  descended  on  the  head  of  the  pile,  and 
the  process  being  repeated  eighty  times  in  a  minute  the  pile  was 
sent  home  with  a  rapidity  that  was  quite  marvelous  as  compared 
with  the  old  method.  In  forming  coffer-dams  for  piers  and  abut- 
ments of  bridges,  quays,  and  harbors,  and  in  piling  the  foundations 
of  all  itinds  of  masonry  the  steam  pile-driver  was  found  of  invaluable 
use  by  the  engineer.  At  the  first  experiment  made  with  the  machine 
Mr.  Nasmyth  drove  a  14-inch  pile  15  feet  into  hard  ground  at  the 
rate  of  sixty-five  blows  per  minute.    The  saving  of  time  effected 


Fig.  38.— PitE-DRiviNc  Scow,  New  Yoke  State  Canals. 

by  this  machine  was  very  remarkable,  the  ratio  being  as  i  to  t8oo; 
that  is,  a  pile  could  be  driven  in  four  minutes  that  had  before  required 
a  day.  One  of  the  peculiar  features  of  the  invention  was  that  of 
employing  the  pile  itself  as  the  supjxjrt  of  the  steam-hammer  part 
of  the  apparatus  while  it  was  being  driven,  so  that  the  pile  had  the 
percussive  force  of  the  dead  weight  of  the  hammer  as  well  as  the 
lively  blows  to  induce  it  to  sink  into  the  ground.  One  of  the  most 
ingenious  contrivances  of  the  pile-driver  was  the  use  of  steam  as  a 
buffer  in  the  uytper  part  of  the  cylinder,  which  had  the  effect  of  a 
recoil  spring  and  greatly  enhanced  the  effect  of  the  downward 
blow." 
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Many  modifications  of  this  hammer  have  been  manufactured, 
and  one  much  used  at  present  is  the  Warrington-Nasmyth  hammer, 
made  by  the  Vulcan  Iron  Works.  This  hammer  (Fig.  39)  is  made 
in  three  sizes,  the  weight  of  the  striking  parts  being  550  pounds  for 
sheet'[nle  work,  3000  pounds  for  medium  pile  work,  and  4800 
pounds  for  use  on  heavy  work.  This  machine 
is  provided  with  a  positive  valve-gear,  a  short 
steam  passage  to  avoid  the  waste  of  steam, 
a  wide  exhaust  opening  to  prevent  back  pressure 
as  the  hammer  drops,  a  ptston-head  forged  on 
the  rod,  and  channel  bars  on  the  side  to  allow 
the  pile  to  be  driven  lower  than  the  leads  of 
the  derrick.  The  hammer  is  attached  to  the 
hoist  rope,  but  this  is  left  slack  when  the 
hammer  is  resting  on  the  head  of  the  pile, 
steam  is  turned  on  and  the  hammer  pounds 
automatically  at  the  rate  of  sixty  to  seventy 
blows  per  minute  until  the  pile  is  driven.  The 
bottom  casting  which  rests  on  the  pile  is  a 
bonnet  which  encases  the  top  and  prevents 
brooming  or  splitting. 

The  hammer  should  have  plenty  of  play 
in  the  leads,  and  the  steam-pipe  should  extend 
half  way  up  the  derrick  to  save  length  of 
hose.  This  hammer  has  a  record  of  as  high 
as  seventy-five  to  one  hundred  piles  per  day, 
and  one  account  gives  the  record  of  3000  lineal 
feet  of  piling  per  day  at  a  cost  of  $50,  the 
number  of  men  employed  being  sixteen  and 
the  coal  consumption  one  ton.  This  hammer 
is  shown  in  Fig.  40  in  use  driving  piles  for 
bridge  work  on  the  Fair  Haven  bridge. 

Another  form  of  the  Nasmyth  hammer  is 
F1G.39.-WARMNOTON-  the  Cram  (Fig.  41)  which  is  very  simple  in 
Nashyth  Steam  Pile-  Construction.  The  driving-head  is  hollow  and 
KAMMER.  the    steam    enters   through   a   hollow   piston- 

rod,  causing  the  head  or  cylinder  to'  rise  on 
the  rod.  Four  sizes  are  made,  with  hammers  of  430  pounds,  3000 
pounds,  3000  pounds,  and  5500  pounds.  The  small  hammer,  which 
is  listed  at  $300,  is  used  for  sheet-pile  work  by  inserting  a 
"  follower "  of  oak  which  fits  the  base  or  pile  cap,  and  which 
has  a  slit  in  the  lower  end  to  fit  the  sheet-pile.    The  number  of 
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blows  per  minute  is  the  same  as  other  steam  pile-hammers  and  an 
average  of  eighty-three  piles  per  day  of  ten  hours  is  reported, 
where  they  were  driven  17  feet  mto  sand  and  oyster-shells  in  the 
Passaic  River,  the  largest  day's  work  being  121  piles,  or  nearly 
double  the  best  work  with  an  ordinary  hammer. 

There  are  a  number  of  new  types  of  steam  pile-hammers  on  the 
market,  one  of  the  best  of  them  being  the  Amott,  manufactured  by 


Fig.  40.— Warkincton-Nasmvth  Hahuek,  Fais  Haven  Bbidce- 

the  Union  Iron  Works  of  Hoboken,  N.  J.  As  may  be  seen  from 
Table  I,  either  steam  or  compressed  air  can  be  used,  as  may  be  most 
convenient,  but  the  size  boiler  given  would  be  too  small  if  jetting 
pumps  are  to  be  used;  the  amount  of  horse-power  of  boilers  to  be 
added  for  this  may  be  found  in  Chapter  V  on  Jetting  Piles.  It 
must  be  borne  in  mind,  however,  that  a  steam  hammer  will  keep  the 
pile  moving  all  the  time  and  in  many  cases  accomplish  the  same 
results  as  jetting,  and  make  it  unnecessary  to  provide  a  jetting 
plant. 
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The  Amott  hammer  uses  the  pressure  of  the  steam  in  striking 
the  blow  and  on  accoimt  of  the  large  number  of  blows  per  minute, 


Fig.  41. — Crau-Naeuvth  Steak  Pile-hamueb. 

the  result  of  the  use  of  this  hammer  is  greater  in  foot  pounds  per 
minute  than  almost  any  other  hammer  on  the  market. 

The   hammer,   fitted  with  a  wood -cushioned  head    for   driving 
concrete  piles,  is  shown  in  Fig.  42,  and  for  such  use  it  should  be 
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either  the  No.  o  or  the  No,  i  hammer.    The  No.  i  hammer  is  also 
the  best  for  general  driving,  althoujrh  for  smaller  wood  piles  the 
No.  2  hammer  will  give  good 
results. 

The  guides  for  the  leads 
are  shown  in  Fig.  43,  al- 
though the  dimensions  given 
in  Table  II  may  be  shghtly 
varied. 

"  All  standard  stock  ham- 
mers are  provided  with  heavy 
angle  iron  guides,  attached 
with  hexagon  head  tap  bolts 
as  per  data  below.  One  of 
the  many  advantages  of  de- 
tachable guides  is  that  the 
hammer  can  be  placed  in 
standing  leads  by  removing 
the  rear  guide  tap  bolts, 
backing  hammer  in  place  and 
replacing  guides,  thus  obviat- 
ing the  necessity  of  digging 
pits,  etc.,  for  entering  the 
hammer  if  they  are  not  re- 
movable. 

"  Note  that  dimension  A 
is  actual  width  of  hammers 
and  cannot  be  altered,  but 
space  B  between  angles 
can  be  slightly  increased  as 
far  as  permissible  and  can  . 
be  decreased  as  may  be  de- 
sired. 

"Unlessotherwise  directed 
guides  will  be  attached  as 
per  B." 

The  floating  drivers  used 

by  the  author  have  usually 

Fig.  43.-ARNoiT-NAsifYTH  Steam  Hamhek.     been    on     scows    20X60X4 

feet  deep,  so  that  they  would 

be  of  use  on  bents  closely  spaced  or  in  confined  locations,  and 

sometimes  they  have  been  as  narrow  as  18  feet.    The  depth  must 
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usually  be  kept  down  to  4  feet  to  allow  of  use  in  shallow  water,  and 
for  working  close  in  on  beaches  on  the  tides. 


TABLE   U .- 

-ARNOTT  STEAM  HAMMER  GUIDES. 

^.. 

0 

.              . 

3 

4 

S 

' 

7 

81" 
S" 

38" 
81" 
8" 

IS" 
6" 

13" 
Si" 
5" 

10" 

4!" 
4" 

17" 
4l" 
4" 

14" 

3i" 

3" 

10" 

3" 

The  complete  plans  of  a  floating  driver  recently  constructed  at 
Portlajid,  Oregon,  under  J.  F.  Mclndoe,  Major,  Corps  of  Engineers, 
U.  S.  A.,  for  use  on  Government  work.  Figs.  44,  45,  46,  47,  and  48, 
show  a  first-class  piece  of  plant  of  this  character. 


Fio.  43. — Aknott  Steam  IIavhf.r  Guides. 

The  scow  is  somewhat  larger  than  ordinary,  24X70  feetX4  feet 
7J  inches  deep,  and  is  not  provided  with  a  fresh-water  tank  built  into 
the  hull,  as  is  necessary  for  a  driver  to  be  used  on  salt  water.  The 
bottom  planking  is  4X10  inches  and  the  deck  planking  3JX6  inches. 
Wide  planking  is  usually  fastened  with  three  |X  7-inch  boat  spikes 
at  the  ends  and  two  boat  spikes  at  intermediate  points.  Narrow 
planking  with  two  spikes  at  the  ends  and  one  at  intermediate  points. 
For  salt  water  the  spikes  and  all  other  fastenings  should  be  galvanized. 

The  side  planking  or  strakes  should  be  through-fastened  with 
clinch-bolts  and  rings  and  edge-fastened  with  drift-bolts. 

The  holes  for  all  spikes  and  drift-bolts  to  be  bored  one-six- 
teenth inch  less  than  the  bolts  or  spikes. 

On  the  outside  they  should  be  countersunk  and  filled  in  with 
cement.  The  scow  has  a  rake  or  sloping  end  at  the  stem  of  7  feet, 
and  all  the  framing  is  fully  shown  on  the  plans.    Scows  for  the  best 
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of  work  should  be  calked  on 
the  deck  and  sides  with 
three  threads  of  oakum,  well 
hawsed  in,  and  the  bottom 
with  four  threads  of  oakum. 

The  seams  below  the 
water-Une  should  all  be  filled 
with  cement,  after  calking, 
and  those  above  the  water- 
line  filled  with  pitch.  For 
light  or  temporary  work  two 
threads  of  oakum  may  be 
used  on  the  deck  or  sides 
and  three  threads  on  the 
bottom. 

The  scow  is  stiffened 
with  two  inside  longitudinal 
bulkheads  6  inches  thick,  ' 
running  full  length.  The 
leads  are  66  feet  high,  of 
8jX  1 2-inch  timbers,  lined 
with  8-inch  iij-pound  steel 
channels  for  the  hammer 
guides.  The  ladder  or  back 
braces  are  5X12  inches, 
with  steps  spiked  on  as 
shown.  The  inside  braces 
are  6X8  inches  and  4X10 
inches. 

Where  it  is  necessary  to 
tip  the  leads  forward  for 
driving  batter  piles,  guys 
should  run  from  the  top  of 
the  leads,  as  shown  in  Fig. 
35,  to  the  stem  of  the 
scow.  The  head  block  (Fig. 
48)  has  three  sheaves,'  one 
18  inches  for  the  hammer 
line  and  two  16  inches  for 
pile  Unes,  The  author's 
practice  is  to  use  four 
sheaves  on  the  head  block, 


Fic.  46.— Leads,  U,  S.  Dbivbb. 
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one  (or  the  hammer  line,  one  for  the  pile  line,  and  two  out^e  ones 
for  handling  jets. 

Next  in  importance  to  the  scow  and  leads  being  of  good  design 
is  the  necesaty  for  a  first-class  boiler  and  engine.  The  boiler  shown 
in  Fig,  44  is  a  horizontal  locomotive  type  of  40-horse-power,  or  large  ' 
enough  to  handle  the  jet  pump  for  light  worli,  in  addition  to  operating 
the  drop-hammer,  or  large  enough  to  operate  a  steam  pile-hammer, 
but  not  large  enough  to  handle  a  hammer  and  two  jets  for  heavy 
jetting.  The  usual  engine  for  a  fioating-diiver  is  a  double  7X10, 
with  the  ordinary  vertical  boiler  attached.  The  one  shows  on 
the  plan,  a  double  8^X10,  is  provided  with  two  spools  or  nigger- 
heads  on  a  separate  shaft  to  handle  the  bow  lines  coming  over  the 
gypsies.  The  stem  lines  are  handled  on  the  steam  capstan  shown. 
This  driver  is  provided  with  two  tanks  below  deck  for  fuel  oil  in 


Fig.  47.— Section,  U.  S.  Drivek. 

place  of  coal,  and  an  air  receiver  to  be  supplied  with  compressed  air 
from  the  air  pump,  for  operating  the  wood-boring  tools  or  such 
other  air  plant  as  may  be  found  needful. 

The  jetting  pump  is  a  10X6X10  duplex  center-packed  pump, 
which  will  deliver  from  200  to  220  gallons  of  water  per  minute  at  a 
pressure  of  not  less  than  200  pounds  per  square  inch. 

The  other  equipment  is  the  feed-water  pump,  the  feed-water 
heater,  and  the  fuel-oil  pump.  The  hoist  engine  shown,  a  double- 
drum,  double  SjXio,  would  be  heavy  enough  for  a  large  steam- 
hammer  and  for  piles  a  hundred  feet  or  more  in  length. 

The  scow  should  be  protected  originally  by  two  coats  of  copper 
paint  below  the  water  line,  the  bottom  covered  with  tarred  ship 
felt  and  2-inch  plank  sheathing,  which  should  also  have  two  coats 
of  copper  paint.  For  protection  against  teredo,  this  copper  paint 
should  be  renewed  about  every  six  months.  The  remainder  of 
the  woodwork  should  be  painted  with  two  coats  of  the  best  lead 
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Fro.  48. — Head  Bloc 
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paint  of  pleasing  color.  The  deck  should  be  kept  covered  with 
i-inch  boards  as  a  protection  from  the  calks  in  the  soies  of  the  work- 
men's shoes. 

The  details  of  the  jetting  pipes,  hose,  and  jets  will  be  found  in 
Chapter  V  on  Jetting  Piles. 

The  specifications  for  the  government  floating  driver  are  given 
in  full  in  Appendix  VII. 


Fio.  49. — Maceoke  K)R  Sawing  opf  Piles  cndeb  Water. 

Mention  has  been  made  of  the  use  of  a  rock  drill  as  a  Nasmyth 
hammer,  on  the  Great  Kanawha  River  coffer-dams;  and  where  any 
amount  of  driving  is  to  be  done  it  will  certainly  be  wise  to  use  a 
hammer  of  the  Nasmyth  type. 

The  guide-piles  of  a  coffer-dam  should  always  be  driven  with 
the  idea  of  using  them  as  a  support  for  pumps,  engines,  derricks, 
and  the  like,  although  it  will  often  be  found  cheaper  to  rig  up  on 
flatboats  when  there  is  danger  from  floods.  In  determining  what 
load  a  pile  will  carry  from  this  source,  or  when  driven  as  a  foundar 
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tion  pile  to  suppwrt  the  masonry,  Wellington's  formula  is  at  once 
the  most  accurate  and  the  easiest  to  remember  and  use.  For  a 
drop-hammer,  multiply  twice  the  weight  of  the  hammer  in  pounds 
by  the  drop  in  feet  and  divide  by  the  last  sinking  in  inches  plus  one, 
and  the  result  is  the  load  in  pounds  the  pile  will  carry,  with  a  factor 
of  six  for  safety.  This  is  easily  remembered  as  2wh  over  5-fi,  and 
is  always  ready  for  use.  For  the  steam-hammer  the  form  is  2wh 
over  s-l-o.i,  the  "wk"  representing  the  dynamic  effect  of  the 
hammer. 

Where  piles  have  been  firmly  driven  and  they  are  to  be  removed 
when  the  work  is  done  they  can  be  cut  off  under  the  water  by  a 
machine  similar  to  Fig.  49,  which  can  be  operated  from  a  barge. 
The  description  in  the  Engineering  News  gives  but  little  information 
in  addition  to  the  drawing.    The  shaft  works  in  cast-iron  sleeves 


Fio.  so. — PitE-pctimc  Leveb.    After  Chest. 

attached  to  a  timber,  which  slides  in  the  leads,  this  being  operated 
by  the  winch  shown  in  side  elevation.  The  final  adjustment  is 
made  by  the  hand-wheel  on  the  3-foot  adjusting  screw.  Where  the 
piles  are  not  so  solidly  driven  they  can  be  pulled  out  with  a  lever, 
an  old  form  of  which  is  given  by  Cresy  (Fig.  50),  In  place  of  the 
pin  and  links,  a  chain  closely  wrapped  around  the  top  of  the  pile 
is  usually  made  use  of. 

The  apparatus  used  on  the  New  York  State  canal  work  (Fig. 
51)  consisted  of  a  strong  frame  mounted  on  a  scow,  from  which 
was  suspended  a  heavy  set  of  falls  to  attach  to  the  chain  wrapped 
around  the  head  of  the  pile.  The  pulling  was  done  by  an  engine 
placed  on  the  scow. 

The  construction  of  coffer-dams  with  sheet-piling  has  led  to 
the  use  of  a  number  of  forms  of  sheet-piles,  some  of  which  are  driven 
only  as  a  protection  to  the  puddle,  while  others  are  nearly  or  quite 
water-tight  in  themselves.  The  principal  forms  are  shown  in  Fig. 
52,  the  simplest  form  being  plank  of  some  conaderable  thickness 
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(a),  for  which  Stevenson  specified  4J  inches  by  not  exceeding  q 
inches  in  width  for  the  Hutcheson  Bridge.  The  points  are  sharpened 
as  at  (i)  so  they  will  draw  together  in  driving,  and  as  at  (/),  to  cause 
them  to  drive  straight  and  easy.  The  same  principle  is  embodied 
in  the  patent  metal  point  shown  at  (k),  which  is  used  to  protect 
the  point  when  driving  through  coarse  gravel. 

The  piles  at  Buda  Pesth  were  increased  to  15  inches  square  in 
order  to  resist  the  pressure  brought  upon  the  sides  of  the  dam  by 
the  puddle,  the  water,  and  also  by  the  ice.  Fiat  plank  are  also 
used  by  driving  two  or  more  rows  as  at  {b),  the  second  and  third 


Fro   51.— PiLE-pmLiNc  Scow,  New  Yokk  Statu  Canais. 

rows  being  used  to  close  the  cracks  in  the  main  row  of  piles  and 
retain  the  puddle.  An  example  of  this  will  be  given  in  the  next 
article,  where  it  was  used  on  the  Michigan  Central  Railway.  The 
extra  rows  may  be  of  thinner  plank  if  they  can  be  driven. 

Mention  has  already  been  made,  incidentally,  of  the  use  of 
V-shaped  tonguc-and-groove  piling  (c),  on  the  Union  Pacific  Rail- 
way. This  may  be  made  on  a  beveled  saw-table,  the  saw  cutting 
half  through  the  plank  from  opposite  sides  at  each  cut.  This  will 
produce  a  reasonably  tight  wall,  if  care  is  used  in  driving  and  if  the 
points  are  sharpened  to  draw  them  together  and  make  tight  joints. 

Ordinary  tongue-and  groove  [.iiing  (d)  is  frequently  used,  but 
a  more  frequent  form  is  that  shown  at  (c),  like  that  used  on  the 
Robinson  circular  dam.     The  two  pieces  forming  the  groove  and 
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the  piece  for  the  tongue  are  spiked  to  the  9X12  and  6-inch  spikes 
sloping  upward.  A  sheet-pile  dam  on  another  pier  of  the  Arthur 
Kill  Bridge  employed  piling  in  which  the  grooves  were  made  by 
making  two  saw  cuts  and  cleaning  out  between  with  a  chisel,  the 
tongue  being  formed  in  the  same  manner  as  at  (/)>  the  tongue  being 
spiked  in  one  side. 


I      I      I 


V'  I  :  I  :  0  c^ 


T^ 


nPipm 


F^c.  52. — Sheet-piles 


A  method  which  is  not  often  employed  is  shown  at  (/),  two 
grooves  being  made  in  the  sheet-pile  and  a  key  driven  after  the 
piles  are  down.  Should  the  piles  not  drive  in  perfect  line,  and  the 
groove  fail  to  match,  the  method  will  not  be  found  to  be  a  success. 

Sheet-piling  formed  of  two  or  more  planks  bolted  together  is 
being  extensively  used,  one  of  them  (g)  being  formed  by  two  planks 
sawed  with  beveled  edges  and  bolted  together  to  form  a  pile  similar 
to  (c).    This  fonns  a  pile  which  will  drive  easily  on  account  of  having 
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some  size  and  which  will  require  fewer  supports  in  the  shape  of 
waling-pieces. 


TABLE  m— PILES  AS  COLUMNS.    SAFE  LOAD  PER    SQUARE  FOOT  OF 
SECTIONAL  AREA. 


Safe  Load  pet  Sq.  Ft. 


Rankine  and  Mahan. 
FeFonnet 


Several  examples  already  given  describe  the  use  of  Wakefield 
patent  sheet-piling  (ft),  the  method  of  sharpening  being  shown  at 
(A').  This  is  constructed  of  three  layers  of  plank  from  i  to  4  inches 
thick,  according  to  the  pressure  to  be  sustained.  The  center  plank 
must  be  sized  to  keep  the  tongue  and  groove  uniform,  and  the  plank 
are  bolted  together  with  six  bolts  for  a  length  of  from  16  to  20  feet, 
two  bolts  near  each  end  and  two  intermediate.  For  long  piles, 
spikes  should  be  driven  between  the  bolts.  The  bolts  vary  from 
I  inch  for  i-inch  plank  to  J  inch  for  4-inch  plank.  A  coffer-dam 
constructed  with  this  piling  is  shown  in  process  of  construction  in 
Fig.  53,  for  the  foimdations  of  Cbarlestown  Bridge  near  Boston. 
A  description  of  this  will  be  given  in  the  next  chapter. 

Pile-shoes  for  use  on  round  or  square  piles  are  shown  at  (l)  and 
{m),  (0  being  patent  forms.  Straps  of  bar  iron  are  used  in  many 
cases  with  success,  for  main  piles,  and  sheet  iron  of  J  inch  thickness, 
bent  to  a  "  V  "  and  spiked  on,  is  often  all  that  is  necessary  when 
shoes  must  be  used  on  sheet-piles. 

The  thickness  of  sheet-piling  should  be  sufficient  to  prevent  the 
plank  from  bulging  and  should  be  calculated  to  stand  a  water  pressure 
due  to  the  depth,  and  for  a  span  equal  to  the  distance  between  the 
waling-timbers  or  other  supports.  This  would  necessitate  wales 
every  6  feet  for  3-inch  plank  under  5-feet  head,  or  wales  every  3 
feet  for  a  21-feet  head.  Plank  4J  inches  thick  would  require  wales 
every  7  feet  under  a  9-feet  head,  or  every  5  feet  for  an  i8-feet  head. 
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Timbers  9  inches  thick  will  carrj'  q  feet  under  a  20-feet  head,  while 
the  i5-in<.h  timbers  of  the  Buda  Pesth  dam  would  carry  12  feet  under 
aji-feot  head. 


^O.    53- CUAltLESTOWN   BRIUGE.      DKIVINC   WAKKimfLD   SHEET-PnjNO. 

Good  timber  should  always  be  employed  if  it  can  be  procured, 
or,  if  faulty  stuff  must  be  used,  allowance  must  be  made  by  using 
thicker  piles  and  by  placing  the  wales  closer  together. 

The  timber  used  for  piling  in  various  parts  of  the  United  States 
is  Douglas. fir,  long-leaf  pine,  tamarack,  redwood,  cypress,  and  the 
best  grades  of  cedar  and  oak.  Redwood  and  cedar  do  not  rot  so 
quickly  as  other  woods,  but  lack  in  strength  for  structures  and  for 
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hard  driving.  For  temporary  structures  hemlock,  maple,  elm,  and 
other  less  reliable  woods,  are  used.  The  usual  specification  requires 
that  piles  be  cut  from  sound,  live  trees,  and  must  be  free  from  the 
usual  timber  defects,  except  that  a  small  amount  of  heart  rot  be 
allowed  in  cedar. 


TABLE  IV.— SAFE  LOAD  IN  TONS  ON  PILES= 
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riaUn 

„. 

Idco 

.. 

'■■"- 

Fl.  Drpp 

O.J 

0.4 

0.6 

0.8 

i.i 

1-4 

1.6 

1.8 

2.0 

t!oa 

ISO 

11.9 

"■3 

10. 0 

Q.O 

8.2 

75 

b.Q 

6.4 

6.0 

1600 

=s.. 

17.3 

ISO 
18. 8 

>3 
16 

'S 

0 

'3 

9 

6 

:::: 

9 

3 

6 

8.6 

10.7 

8-0 

2400 

30.0 

30.0 

31. i 

10 

.18 

jj 

16 
19 

-■L 

18.8 

13 
16 

17 

9 

3 

13-9 

ISO 

16.1 

I3-0 

iSoo 

:::j 

*3 

140 

3000 

37.5 

11 

5 

1$° 

3300 

40.0 
41S 

30.0 
31.9 

2ft 

18 

»4 

S 

*1 

H 

1  — 
21.3 

18 
10 

S 

6 

17.2 
:S.2 

16.0 

J400  - 

,6.4 

17.0 

3600 

45° 
47S 
50.0 

3«.S 
40.7 
41.8 

IVB 

30 
33 

27 
18 
30 

5 

27 

6 
9 
3 

23-5 
23.8 
25.0 

19.3 

3800 

35-7 
37-5 

23 

9 

19.0 

4000 

J1.5 

JO  0 

4100 

45° 
49-3 

39  4 
43-» 

46.9 

31 

5 

28 
31 
34 

6 

4 

26.3 
28-8 
313 

26 

6 

8 

il.S 
34.6 
26  8 

31. 0 

4600 

38 
4' 

J 

33.0 

5000 

37 

^ 

2S.O 

a»  certainly  kuomi 


Usually  the  piles  are  to  be  peeled,  but  often  tight-bark  winter- 
cut  piles  are  required,  as  it  is  protection  in  some  cases,  like  in  salt 
wdter  against  teredo,  where  the  bark  will  protect  for  a  period  of  from 
one  to  two  years,  if  there  are  no  breaks  or  abrasions  of  the  bark. 
In  some  particular  cases  the  piles  are  required  to  be  absolutely 
straight,  but  this  is  a  very  rigid  demand  and  mostly  they  are  specified 
to  be  so  that  a  line  stretched  from  end  to  end  of  a  pile  will  not  fall 
outside  the  stick. 

The  size  of  piles  is  usually  specified  to  be  not  less  than  an  8-inch 
top  or  point  and  not  less  than  a  14-inch  butt.  They  should  not 
run  over  24-inch  butts,  or  else  they  would  have  to  be  slabbed  off 
to  go  in  the  pile-driver  leads.     Where  piles  from  70  to  120  feet 
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long  are  used  the  tops  are  often  allowed  as  small  as  7  inches,  and 
in  rare  cases  5  inches  or  6  inches  diameter. 

The  driving  of  piles  should  never  be  carried  to  a  point  where 
there  is  danger  of  blooming  or  shattering  the  stick,  and  this  mast 
usually  be  left  to  the  judgment  of  those  in  charge  of  the  work. 
Fig.  54  shows  the  results  of  overdriving  on  the  Vancouver,  Wash., 
bridge.  The  best  results  will  be  obtained  by  using  a  hammer  of 
from  3400  pounds  to  4200  pounds,  with  a  short  drop.  The  ham- 
mer should  be  of  a  short  pattern  with  the  weight  mostly  concentrated 


Fig.  S4' — Effect  of  OvERDRi\itiG  Piles. 

in  the  ball  or  bottom  end.  In  sand,  quicksand,  soft  clay  or  light 
gravel  a  steam-hammer  striking  from  60  to  130  blows  per  minute 
will  be  found  more  effective  than  a  drop-hammer,  and  the  weight 
should  be  from  5  tons  upwards.  The  steam-hammer  will  usually 
make  ifpossible  to  avoid  the  use  of  Jets  in  this  class  of  material,  and 
as  jetting  nearly  doubles  the  cost  of  pile-driving  it  should  be  avoided 
whenever  some  other  method  can  be  employed. 

A  recessed  base  on  the  steam-hammer  acts  as  a  cap  on  the  head 
of  the  pile  and  avoids  the  need  for  pile  rings,  although  the  pile  heads 
must  be  shaped  up  to  &t  the  base.  With  the  drop-hammer  a  follower 
cap,  Fig.  55,  may  be  used  to  avoid  the  use  of  pile  rings.    Where  piles 
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are  to  be  driven  below  water,  the  base  casting  on  the  follower,  Fig. 
56,  can  have  the  same  shaped  bonnet  to  fit  the  head  of  the  piles,  and 
when  the  piles  have  been  followed  down  to  the  proper  elevation 
ready  for  pourii^  the  concrete  around  them,  it  will  be  unnecessary 
to  cut  them  off  under  water,  as  the  heads  will  be  uninjured  and  in 
proper  condition  for  carrying  the  load.  The  author  has  made 
experiments  on  this  method  above  water  and  has  had  the  heads  of 


Fig.  55.— Follower  Cap  tor  Wood  Pilbs.  ^    Fic.  36.— Follower  Base  Casting. 


piles  cut  off  under  water  by  a  diver  after  being  driven  by  this  method 
and  found  them  in  better  condition  than  before,  inasmuch  as  the 
fiber  of  the  timber  has  been  compressed  and  in  better  shape  to  take 
the  bearing. 

Kle  rings  about  |  X  2^  inches  must  nearly  always  be  used  with  the 
drop-hammer  unless  the  driving  is  very  soft  or  unless  the  bonnet 
cap  is  employed. 
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Pile  shoes  as  shown  in  Fig.  52  (/)  and  (m)  may  be  used  in  hard 
clay  and  compact  gravel  with  good  results,  but  in  hardpan  and 
cemented  gravel  there  is  every  likelihood  of  the  pile  splitting  out 
around  the  shoe  and  brooming 
up  worse  than  if  nothing  was 
used.  The  triangular  cast  point 
(f^ig-  S?)  used  on  some  recent 
work  in  hard  clay  and  cemented 
gravel  worked  much  better,  the 
sharp  corners  cutting  into  the 
material,  so  that  a  penetration 
of  several  feet  was  obtained. 
For  ordinary  compact  material 
it  is  usually  necessary  only  to 
point  up  the  end  of  the  pOe  as 
shown  in  Fig.  52,  leaving  off 
the  point  (/). 

Piles  have  been  driven  butt 
down  in  very  soft  material,  to 
get  better  bearing  and  addi- 
tional frfctional  area,  but  it  is 
objectionable,  as  the  small  end 
of  the  pile  will  not  stand  ham- 
mering, it  will  spring  in  driving; 
the  top  is  too  small  for  proper 
bearing  for  the  caps,  and  the 
part  of  the  pile  out  of  ground 
is  the  smallest  diameter  and  will 
not  carry  the  proper  load  in 
many  cases  as  a  timber  column. 
The  use  of  swinging  or  pen- 
dulum leads  is  very  often  desir- 
able where  batter  piles  are  to 
be  driven  in  a  trestle,  and  the 
rig  shown  in  Fig.  58  is  a  very 
simple  one  to  construct  and 
very  efficient.  Where  brace  piles 
are  to  be  driven  under  a  wharf 
with  a  floating  driver,  the  rig 
shown  in  Fig.  59  may  be  used,  being  hung  on  the  face  of  the 
driver  leads,  and  can  be  moved  up  and  down  to  various  elevations 
required  to  drive  the  braces,  or  to  allow  for  rise  and  fall  of  the  tide. 


■Tbianoular  Cast  Pile  Point. 
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The  ordinary  crew  for  a  land  driver  is  six  men  including  tlie  fore- 
man, and  for  a  floating  driver  from  seven  to  nine  men,  including  the 
foreman  and  boom  man.  On  some  work  an  extra  boom  man  is 
required  and  often  extra  men  for  such  work  as  heading  up  the  piles; 
for  jetting  work  from  two  to  four  extra  men  are  required  to  handle 
the  jets.  The  cost  of  driving  piles  will  be  discussed  in  the  chapters 
on  Cost  of  Work  at  the  end  of  this  volume. 

Pulling  piles  is  done  by  using  double  or  triple  wire-rope  blocks  for 
falls  on  the  face  of  the  leads,  the  pile  being  gripped  by  a  chain  or 


Fig.  58.— PENDUtOM  PiLE-DUVER  LEADS. 

wire-rope  sling.  It  is  usually  necessary  to  hit  the  pile  with  the 
hammer  in  order  to  start  it  and  sometimes  a  jet  must  be  employed 
in  loosening  them.  The  pull  necessary  to  loosen  them  is  due  partly 
to  the  friction  on  the  pile  and  partly  to  the  suction,  which  is  over- 
come by  taking  a  pull  with  the  driver  and  holding  on  until  the  pile 
lets  go.  This  friction  and  suction  has  been  found  in  some  cases  to 
amount  to  as  much  as  1800  pounds  per  square  foot  on  the  suriace  of 
the  pile,  but  where  the  friction  is  taken  account  of  in  the  load  the 
pile  will  cany,  it  should  not  be  taken  at  over  500  pounds  per  square 
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foot  in  finn  sand  or  clay  and  will  not  amount  to  over  120  pounds  in 
silt. 

Concrete'piling  have  come  into  such  general  use  that  they  can 
no  longer  be  considered  an  experiment,  and  are  used  without  much 
question  wherever  a  permanent  foundation  is  required. 

They  should  always  be  used  where  there  is  any  danger  of  wood 
piles  decaying,  that  is,  where  piles  will  not  constantly  keep  wet. 
Where  some  more  permanent  protection  against  lininora  or  teredo 


^ 


Fio.  S9- — Batibk  Pile-dbiveb  Leads. 

than  that  offered  by  creosoting,  is  desired,  concrete  piles  are  very 
often  the  solution  of  the  problem. 

The  Corrugated  or  Gilbreath  pile  is  one  of  the  best-known  forms 
(Fig.  60),  and  the  corrugations  afford  considerable  additional  fricttonal 
surface  where  piles  are  being  driven  into  a  soft  bottom.  This  pile 
is  a  moulded  pile,  being  usually  poured  into  horizontal  forms  on 
the  ground,  the  reinforcing  being  first  placed  in  the  form.  The 
amount  of  reinforcing  to  be  put  into  piles  up  to  35  or  40  feet  is  only 
enough  for  ordinary  handling  and  driving.    For  the  East  Twenty- 
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Fig.  6i. — Reinforced  Concrete  Pile  and  Driving  Cap. 
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BOTTOM  VIEW 

Fic.  6i.—CAsnno  FOR  Concrete  Pile  Cap. 
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first  Street  Viaduct  in  Portland,  Oregon,  the  author  used  pUes  with 
seven  half-inch  round  deformed  bars  lengthwise  and  nine  wrappings 
per  vertical  foot  of  No.  4  wire  {Fig.  61).  The  driving  head  specified 
for  this  is  shown  in  Fig.  61  and  is  substantially  that  specified  by  the 
patentees  of  the  Corrugated  pile,  the  details  of  the  steel  casting  for 
the  cap  made  for  this  is  shown  in  Fig.  62.  The  complete  specifications 
for  these  piles  required  them  to  be  cast  in  a  horizontal  position  on 
the  ground,  of  1:2:4  concrete,  and  driven  with  a  3000-pound 
steam  drop-hammer,  and  a  three-foot  drop.  "  The  pile  shall  be 
allowed  to  set  for  thirty  days  before  driving.  Safe  load  assumed 
for  each  pile  to  be  32  tons,  and  the  osntractor  will  be  required  to 


Fig.  63. — CoNcxETE  Pilz  Comng  Yards. 

test  four  piles;  each  test  pile  shall  be  loaded  with  22  tons  for  48 
hours  and  shall  show  no  settlement.  Each  pile  shall  then  be  loaded 
with  35  tons  and  shall  not  show  more  than  J-inch  settlement  after 
the  load  has  been  applied  for  48  hours.  Should  the  test  piles  fail 
to  sustain  the  load  as  specified,  the  contractor  must  increase  the 
length  of  the  piling,  so  that  in  the  opinion  of  the  engineer  the  piling 
used  will  safely  carry  a  load  equivalent  to  22  tons  for  each  pile 
shown  on  the  plans." 

The  piling  used  were  as  shown,  but  corrugations  were  added 
and  the  jet  pipe  cast  in  the  center  of  each  pile.  (Fig.  60).  To  avoid 
delay,  while  the  piling  were  curing  in  the  yards  (Fig.  63),  test-piles 
of  timber  were  driven  and  the  ordinary  formula  applied  to  determine 
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their  bearing  capacity.  The  material  was  a  sandy,  slate-colored 
clay,  moderately  soft,  and  the  test-piles  were  found  to  give  satisfactory 
results,  without  the  necessity  of  using  longer  ones  than  30  feet. 
With  frequent  wetting  down,  the  piles  cured  enough  for  handlii^ 


without  damage  m  about  20  days.  They  were  driven  by  a  3000- 
pound  drop-hammer,  and  the  jet  operated  from  a  7X4^X10  duplex 
pump,  giving  a  pressure  at  the  pump  of  about  175  pounds. 

The  actual  driving  developed  the  fact  that  the  piles  were  not  as 
easily  damaged  as  wood  piles,  and  also  that  for  the  material  to  be 
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penetrated,  the  center  jet  was 
not  so  good  nor  so  effective  as  a 
separate  jet-pipe  outside  the 
piles,  and  this  was  used  for 
practically  the  entire  work.  The , 
piling  were  made  and  driven 
under  the  direction  of  H.  W. 
Holmes,  M.  Am.  Soc.  C.  E., 
engineer  in  charge  of  the  entire 
structure  (Fig,  64),  and  also  the 


Fio.  65.— Raymond  Concrete  Piles. 


The  usual  reinforcing  for  the 
corrugated  pile  consists  of  Clin- 
ton wire-cloth  placed  just  inside 
the  corrugations,  the  cloth  hav- 
ing a  me^  of  3X12  inches,  the 
12'inch  mesh  vertical,  with  No. 
3  wire  lengthwise  of  the  piles 
and  No.  10  wire  around  the 
inside.  This  reinforcement  is 
only  sufficient,  as  has  been 
stated,  for  ordinary  lengths  and 
handling;  for  rough  usage  and 
for  resisting  bending  stresses  it 
must  be  increased. 

There  are  many  other  forms 
of  piles  cast  before  driving,  but 
the  principle  is  the  same  in  all 
of  them.  The  piles  that  are 
built  in  place  are  of  three  differ- 
ent types,  the  Raymond,  the 
Simplex,  and  the  Clark.  Using 
these,  care  must  be  taken  not 
to  drive  piles  too  close  to 
those  already  driven,  until  they 
have  time  to  set,  as  in  many 
instances  they  will  be  prac- 
tically sheared  off  when  the 
concrete  is  green.  This  may 
be   avoided   by    skipping   rows 


and  then  filling  in  later  on  when  the  concrete  is  fully  set. 

The  Raymond  pile  (Fig.  65)  has  a  steel  shell  of  conical  shape 
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into  which  a  conical  steel  core  is  placed  for  driving.  After  it  is 
driven,  the  core  is  withdrawn  and  the  steel  shell,  which  is  heavy 
enough  to  keep  its  shape,  is  filled  with  concrete.  If  reinforcing  is 
used,  it  is  placed  in  the  shell  before  the  concrete  is  poured.  This 
usually  consists  ol  a  center  rod  about  ij  inch  round,  and  three  j-inch 
rods  near  the  circumference.  The  use  of  more  reinforcing  would 
assist  in  keeping  the  pile  intact  when  driving  adjacent  piles. 

The  Simplex  pile  has  a  wrought-iron  or  steel-pipe  form  which  is 
driven,  being  heavy  enough  to  stand  severe  driving  and  it  is  fitted 
with  a  concrete  or  steel  point  and  a  hardwood  driving-head.  After 
the  pipe  is  driven  to  the  required  depth  it  is  filled  with  concrete. 

The  Clark  pile  is  similar,  only  it  has  a  jointed  shell  of  |  inch 
thickness  or  heavier;  the  joint  is  made  by  an  inside  coupling.  The 
pipe  is  driven  by  steam-hammer  and  jet-pipe.  After  rock  or  the 
required  depth  is  reached,  the  pipe  is  washed  out  with  the  jet  and 
the  pipe  filled  with  neat  cement  grout.  Reinforcing  may  be  placed 
as  required. 

Where  sheet-piling  is  to  be  retained  as  part  of  the  permanent 
structure,  it  may  be  made  of  rectangular  moulded  concrete  piling, 


Fig.  66. — Lackawanna  Reinpokced  Concrete  Sheet  Piling. 

■with  reinforcing  as  may  be  necessary  to  sustain  the  load  on  the  piling, 
either  vertical  or  transverse. 

The  use  of  metal  sheet-piling  for  this  purpose,  protected  by 
concrete,  is  a  very  satisfactory  solution  in  many  cases.  The  Lacka- 
wanna sheet-piling  used  for  this  purpose  are  shown  in  Figs.  66,  67, 
and  68,  the  forms  for  moulding  these  piles  being  shown  in  Fig.  67, 
while  the  section  of  the  piles  is  shown  in  Fig.  66.  It  is  important 
that  all  surfaces  of  forms  in  contact  with  concrete  must  be  smooth; 
preferably  machine-planed.  All  other  surfaces  need  be  planed  only 
enough  to  insure  good  joints.  All  outside  surfaces  may  be  left 
undressed.  Stock  size  lumber  should  be  used  wherever  possible. 
Forms  can  be  extended  to  fit  any  length  of  piling  by  lengthening  the 
top,  bottom  and  side  planks  and  the  running  strips;  forms  can  be 
shortened  by  placing  the  bottom  end  blocks  further  in  the  form.  The 
use  of  this  piling  in  constructing  a  21-foot  levee  is  shown  in  Fig.  68. 


D.qit.zeaOvGoOt^lc 


SUB- AQUEOUS  FOUNDATIONS 


The  use  of  ordinary  reinforced  rectangular  concrete  sheet-piling 
is  described  in  Chapter  XXVII,  where  it  was  used  on  the  piers  in 


CBOSS  SECTION  OF  FORM 

Fia.  67.^ — Lackawanna  Sheet  Puinc  P 


Ftc.  68. — Lackawanna  Shekt  I^e  Levse  Wall. 

the  improvement  of  Baltimore  harbor.  The  cost  of  this  class  of  work 
will  be  very  similar  to  that  for  ordinary  reinforced  concrete  piles, 
as  givfen  in  Chapter  XXXII,  on  the  Cost  of  Foundation  Work. 
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The  use  of  water  jets  in  the  sinking  or  driving  of  piles  has  been 
referred  to  in  several  places  in  this  work,  but  it  is  the  purpose  of 
this  chapter  to  give  in  proper  detail  the  methods  and  plant  neces- 
sary for  the  best  results  in  work  of  this  character.  The  first  use  of 
water  jets  in  pile-driving  was  probably  in  1852,  at  Matagorda  Bay, 
Texas,  following  the  idea  of  Gen.,  then  Lieut.,  Geo.  E,  McClellan, 
Corps  of  Engineers,  U.  S.  A.  The  nozzle  was  placed  close  to  the  point 
of  the  piles,  being  connected  by  an  ordinary  hose  to  a  hand  force 
pump.  The  method  was  very  crude,  but  doubtless  of  much  service 
in  light  material. 

Hollow  cast-iron  piles  with  a  disc  base  were  sunk  by  a  water 
jet  from  a  hand  pump  in  Chesapeake  Bay  in  1854,  for  the  foundation 
of  the  Pungateague  Light. 

The  ordinary  jetting  carried  on  for  many  years  was  only  as  an 
aid  to  driving  with  a  drop-hammer  and  the  water  was  usually  supplied 
by  a  small  duplex  steam  pump,  about  6X4X6  in  size,  supplying 
one  jet  through  a  2-inch  pipe.  This  is  similar  to  the  Sandy  Lake 
jetting  described  in  Chapter  VII,  where  the  supply  hose  was  only 
ij  inch,  the  jet  pipe  J  inch,  attached  to  the  sheet  piles,  and  with  a 
|-inch  nozzle. 

The  question  of  whether  or  not  to  attach  the  jet  to  the  piles  or  to 
leave  it  loose  is  one  about  which  engineers  seem  to  differ  widely, 
but  in  the  author's  opinion  there  can  be  but  one  result  in  the  actual 
use,  that  is  to  leave  the  jet  or  jets  loose. 

With  only  one  jet  in  use  and  that  fastened  to  the  pile  with  the 
nozzle  at  the  point  of  the  pile  and  to  one  side,  there  can  be  but  one 
result — the  pile  will  run  or  drive  out  of  line.  Where  only  one  jet  is 
used  it  is  necessary  to  keep  hammering  the  pile  with  short  drops 
of  the  hammer,  but  before  starting  the  pile,  the  jet  should  be  run 
down  into  the  bottom  in  the  exact  location  where  the  pile  is  to  be 
driven  and  to  the  full  depth;  then  upon  dropping  the  pile  into  the 
hole  thus  formed,  it  will  go  down  under  its  own  weight  and  the  weight 
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of  the  hanuner  resting  upon  it,  for  a  considerable  distance  or  to 
full  depth,  or  may  then  be  driven  in  most  cases  to  the  required  depth 
to  get  below  scour  and  to  carry  the  load,  without  further  jetting. 
In  case,  however,  it  is  necessary  to  have  greater  penetration  than 
this  will  give,  the  jet  can  be  run  down  the  pile,  first  on  one  side  and 
then  on  the  other,  to  keep  the  pile  going  straight  and  to  keep  it 
properly  lubricated  with  water  its  full  length. 

The  size  pump  required  for  ordinary  work  may  be  as  small  as 
a  6X4X6  or  preferably  a  7JX4JX10,  giving  a  pressure  at  the  pump 
of  from  150  pounds  to  175  pounds  per  square  inch,  and  supplying  140 
gallons  per  minute  through  a  3-inch  pipe.  All  pumps  used  in  pumping 
salt  water  must  be  brass  fitted  and  have  brass-lined  water  cylinders. 
The  supply  is  usually  cut  down  somewhat  by  using  a^-inch  connect- 
ing and  jet  pipe,  which  should  be  double  strength  and  have  a  nozzle 
made  from  a  piece  of  pipe  and  drawn  down  to  an  orifice  of  from 
f  to  ij  inch,  the  smaller-sized  opening  giving  a  greater  cutting  pres- 
sure, so  that  it  is  rarely  advisable  to  use  a  nozzle  larger  than  i  inch 
diameter.  This  nozzle  is  shown  in  (a)  Fig.  69,  and  one  that  works 
almost  as  good  is  shown  at  (6),  made  up  of  a  pipe  reducer  and  short 
nipple.  The  rose  jet  (c)  and  (d)  has  small  holes  bored  around  the  sides 
to  spread  the  water.  This  of  course  allows  a  greater  discharge  and 
the  pump  must  be  larger  accordingly,  if  the  main  nozzle  opening  is 
kept  the  same  size.  Only  a  trial  of  this  and  other  changes  will  deter- 
mine which  is  best  for  any  given  material. 

The  pump  shown  on  the  floating  driver  (Fig.  44)  is  a  10X6X10 
center-packed  plunger  type,  giving  a  supply  of  220  gallons  per  minute 
at  200  pounds  pressure  through  a  4-inch  main  pipe,  and  will  give 
good  results  on  two  aj  inch  jets  in  light  material,  with  i-inch  nozzles, 
and  is  as  large  as  is  necessary  for  one  jet  in  very  compact  material. 

Many  specifications  require  the  use  of  two  jets,  or  even  three, 
all  going  at  the  same  time  in  order  to  keep  the  pile  going  straight, 
and  at  the  same  time  obtain  the  desired  penetration.  This  will 
require  a  very  much  larger  plant,  and  nothing  less  than  a  12X7X10 
center-packed  plunger  pump  will  give  satisfactory  results  for  two 
jets  operating  in  compact  material,  sand  or  light  gravel,  to  consider- 
able depths.  This  pump  will  deliver  300  gallons  of  water  per  minute 
through  a  6-inch  main  pipe,  at  a  pressure  of  from  175  pounds  to  200 
pounds  per  square  inch.  However,  this  kind  of  a  plant  for  using 
two  jets  will  add  very  greatly  to  the  cost  of  the  driving,  practically 
doubling  the  cost  of  operating  the  driving  plant.  The  pump  scow 
shown  in  plan  in  Fig.  70  will  have  two  boilers  of  locomotive  type  and 
80  H.P.  each,  with  fresh-water  tank  on  salt-water  work,  feed  pump. 
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injectors,  feed-water  heater,  the  jetting  pump  or  pumps  il  a  spare 
one  is  provided,  together  with  the  necessary  pipes  and  valves.     The 


f^n\ 


whole  should  be  housed  in  by  a  Jight  cover  with  at  least  3  feet  margin 
around  the  outside  for  walkway  and  handling  lines.    This  plant. 
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moored  alongside  the  driving  plant,  will  require  an  extra  engineer 
and  fireman,  and  the  driver  will  require  two  jet  men  to  handle  the 
jets  and  two  nigger-head  men  to  handle  the  jet  lines.    These  extra 


men,  with  possibly  a  deck  hand  on  the  pump  scow,  together  with  fuel, 
supplies,  and  repairs  will  as  stated  above  just  about  double  the  cost 
per  day  of  operating  the  plant,  and  owing  to  the  greater  amount  of 
plant  to  handle,  the  number  of  piles  that  can  be  driven  in  a  given 


Fig.  71, — Duplex  Piston  Pump. 

time  will  be  greatly  reduced,  so  that  jets  should  only  be  employed 
where  absolutely  necessary. 

The  sizes  and  capacities  of  locomotive  and  internal  fired  boilers 
Figs.  74,  75,  and  76  are  given  in  Tables  VIII,  IX,  and  X,  the  horse- 
power being  given  on  the  basis  of  12  square  feet  of  heating  surface 
per  horse-power,  but  usually  figured  on  the  basis  of  10  square  feet; 
the  sizes  and  capacities  of  pumps  (Figs.  71,  72  and  73)  m  Tables  V, 
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Flo.  7a.— Duplex  Center  Packed  Pump. 


Fie.  j3.-^otiroasD  Duplex  Center  Packed  Puhp. 
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Fig.  74. — LocouonvE  Boiler.    Watex  Bottoh. 


FiC.    75.— LW-OUOTIVE    UoiLER.      UPKN    BoTIOIL 
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VI  and  VII,  together  with  the  boiler  recommended  by  pump  manu- 
facturers for  each  size  pump,  increased  50  per  cent,  eis  the  ordinary 
duplex  pump  is  a  "  steam  eater,"  there  being  an  almost  steady 
stream  of  steam  rumiing  through  it. 

Where  very  compact  sand,  compact  grave!,  or  day  is  to  be  jetted, 
the  center-packed  plunger  type  of  pump,  with  compound-steam 


Fig.  76.— Inteknal  Fixed  Boileb. 

cylinders  (Fig.  73)  as  Usted  in  Table  VIII,  should  be  used,  and  boilers 
that  will  cany  a  pressure  of  from  150  to  175  pounds  steam  pressure. 
They  will  save  about  one-third  the  coal  consumed  by  the  piston- 
pumps.  Such  pumps  will  give  an  initial  water  pressure  of  200  pounds 
per  square  inch,  and  will  cut  the  harder  material  to  better  advantage 
than  the  ordinary  duplex  pump.  They  will  require  much  higher 
quality  of  hose,  and  much  stronger  couplings  than  for  the  pumps 
with  lighter  pressure.    The  couplings  which  are  sold  on  stock  hose 
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are  of  no  value  in  jettiog  work,  as  they  are  only  pressed  in,  and 
invariably  blow  out,  so  it  is  best  to  get  special  couplings  with  long 
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HOSE  COUPUNS 
FiC.   77- 


nipples  to  slip  into  the  hose  (Fig.  77)  that  will  allow  the  use  of  two 
outside  bands  on  each  end  (Fig.  78),  for  the  ordinary  duplex  pump, 


Fic.  jg,— Jetting  Pipe  Detaus. 


and  three  bands  for  the  higher  pressure  pumps.    Iliese  bands  are 
drawn  up  with  bolts  as  shown  and  will  not  cause  trouble  by  blowing 
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out  during  the  work.  The  couplings  must  be  provided  with  pipe- 
threads.  Unless  the  hose  is  of  the  wrapped  type,  it  must  be  wrapped 
with  buriap  or  gunny  sack  wherever  it  touches  a  timber  or  rubs  on 
anything,  as  the  vibrations  will  soon  cut  a  hole. 

The  hose  should  be  attached  to  the  jet-pipe  by  a  U  and  short 
nipple  (Fig.  79)  to  avoid  breaking  the  hose  when  under  pressure. 
Where  the  jet  is  connected  to  the  piping  on  a  floating  driver,  large 
pipe  the  full  sze  of  the  pump  discharge  should  be  carried  up  the  leads 
one-third  or  one-half  the  height  and  the  hose  connected  to  nipples 
pointii^  downward  (Fig.  79),  so  that  the  hose  hangs  in  one  big  loop 


TABLE  v.— PISTON  PUMP  FOR  150  POUNDS  WATER  PRESSURE. 
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and  less  length  will  be  required  for  the  run  up  and  down  the  pile. 
The  hne  for  raising  the  jots  is  connected  to  the  U  at  the  top  of  the 
jet,  run  over  a  sheave  on  the  outside  of  the  head  block  and  down  to 
the  nigger  head  on  the  engine. 

Where  deep  jetting  is  to  be  done  as  mentioned  in  the  foundations 
of  the  Eleventh  Street  bridge  at  Tacoma,  Chapter  X,  these  pre- 
cautions are  doubly  important,  to  save  every  [K>und  of  pressure 
that  might  be  lost  by  an  unduly  long  jet  line  from  the  pump  to  the 
nozzle.  The  loss  of  pressure  per  hundred  feet  of  hose  and  pipe 
may  be  found  from  Table  XI,  and  can  be  greatly  reduced  by  using 
the  largest  sized  pipe  and  hose  up  to  the  jet  that  can  be  easily 
handled.  The  importance  of  avoiding  loss  of  pressure  may  be 
realized  by  figuring  out  the  back  pressure  from  the  depth  to  jet 
the  piles,  which  in  the  160  feet  below  high  water  in  the  above  case, 

TABLE  VI.— PACKED  PLUNGER  PUMP  FOR  200  POUNDS  PRESSURE. 


Spate  Occupied 
Peet  and  Inches. 

ncreasM. 

R^u''^ 

•1 
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^ 
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4.64 
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■3 
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J 
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7 
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"5 
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5 

8 

"5 
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3          ^ 
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S 

10 
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=3 

6 

s 
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3       10 
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8 

9.56 
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3 

3t 

6 

5 

8     5 

-     165 

10 

10 
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645 

2i 

8 

7 

8    6 

3         6 

240 

10 

10 

1395 
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2i 

8 

7 

8     7 

3     s; 

240 

.01 

10 

'3-95 

64  s 

3 

3i 

8 

7 
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=  1 
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8     7 
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13 

10 
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10 

8 
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81 
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40 
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6 
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'  » 
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3 
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^i 

3i 

8 

7 

3    " 
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IS 

so,  8,, 
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IS 
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II7S 

^! 
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8 

3    II 
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17 
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4     2 

450 

-e  fitted  with  ToUn-bionie  piston   rods  i 
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amounted  to  69  pounds  per  square  inch,  and  with  300  feet  of  pipe 
and  hose  the  resultant  pressure  from  a  pump  giving  200  pounds  pres- 
sure at  the  pump,  would  only  be  from  130  to  140  pounds  per  square 
inch  at  the  nozzle,  and  with  a  poor  arrangement  of  piping,  and  hose 
in  bad  condition,  the  pressure  at  the  nozzle  might  run  much  below 
100  pounds.  Some  engineers,  losing  sight  of  the  fact  that  only  a 
fixed  amount  of  water  will  go  through  the  jets  at  a  fixed  pump  pres- 
sure, will  order  larger  pumps  put  on  when  the  jets  are  not  effective, 
but  what  is  needed  in  such  a  case  is  almost  always  a  greater  pump 
pressure.    Where  the  material  is  loose  gravel  or  an  open  boulder  bed, 
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the  water  will  dissipate  through  the  bottom  and  fail  to  lubricate 
the  sides  of  the  pile  and  the  jetting  plant  be  ahnost  valueless,  and 
the  use  of  larger  pumps  be  of  little  avail,  unless  of  course  the  hose, 
piping  and  nozzle  are  made  very  much  larger  so  as  to  actually  deliver 
a  much  larger  volimie  of  water  to  overcome  the  seepage.  The  largest 
pipe  that  can  be  reasonably  handled  for  the  jets'  themselves  is  3 
inches  in  diameter,  and  the  nozzle  could  be  increased  to  i^  inches 
or  if  inches.  But  for  compact  material  where  the  water  will  not 
be  lost,  and  for  depths  out  of  the  ordinary,  it  is  pressure  that  is 
needed,  and  the  required  pressure  to  accomplish  the  de^red  results 
may  be  obtained  by  a  careful  consideration  of  the  conditions  and  a 
common-sense  layout  of  the  plant  and  [nping.  The  required  pump 
pressure  may  be  taken  from  the  fire  stream  data  as  given  in  Table 
XII,  for  various  sized  nozzles. 

TABLE  Xn.— DISCHARGE  IN    GALLONS  PER  MINUTE  FROM  NOZZLES 
ATTACHED  TO  50  FT.  OF  2MN.  SMOOTH-LINED  HOSE. 


a»  of  Smooth  Noule. 

PreMura 

>t  Pump. 

ll 

li 

•t 

•i 

il 

. 

i 

i 

10 

'95 

.6s 

I4S 

IIS 

JOS 

85 

70 

so 

la 

»7S 

130 

205 

iSo 

ISO 

"5 

95 

70 

30 

33S 

«8s 

JS» 

18S 

150 

90 

40 

390 

3=S 

190 

JSS 

IIS 

I7S 

135 

50 

430 

36s 

3^5 

i8s 

140 

19s 

ISO 

"5 

60 

475 

400 

3SS 

3"0 

»6o 

313 

16S 

US 

70 

S'o 

430 

38s 

33S 

iSo 

130 

180 

135 

So 

S4S 

460 

3SS 

300 

145 

190 

145 

90 

580 

490 

43S 

380 

310 

160 

105 

ISO 

610 

SIS 

460 

400 

33S 

375 

"5 

160 

lia 

640 

S40 

480 

420 

35* 

igo 

»J5 

170 

670 

S70 

$°5 

440 

370 

300 

I3S 

175 

t30 

700 

S5» 

S30 

4SS 

38s 

31S 

=4S 

iSo 

140 

730 

fits 

SSO 

47S 

400 

330 

as* 

190 

ISO 

760 

640 

570 

49S 

340 

a6o 

195 

160 

790 

660 

S90 

Sio 

430 

3SO 

170 

8jo 

680 

610 

s»s 

44S 

360 

>8o 

20s 

180 

850 

700 

630 

S4S 

460 

370 

»85 

190 

7»o 

Sto 

47S 

380 

190 

"5 

ioo 

910 

740 

670 

S8o 

490 

395 

300 

IM 

ViluM  read  from  diagram  to  nearot  fiva  ponnda. 

Unless  the  borings  made  in  the  original  soundings  for  the  founda- 
Uons  prove  to  be  reliable,  and  from  which  it  is  presumed  the  pumping 
plant  will  be  designed,  much  experimentii^  will  have  to  be  done  to 
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arrive  at  the  best  arrangements  that  can  be  made,  and  should  changes 
be  found  necessary  the  bottom  should  be  sounded  thoroughly  at  the 
site  of  each  pier  with  the  jets,  which  will  best  develop  the  actual 
conditions  to  be  met  with.  In  some  instances  good  results  have 
been  obtained  in  a  somewhat  porous  bottom,  by  using  a  large  pump 
and  perforating  the  sides  of  the  jet  pipe  every  few  feet  with  i-indi 
holes.  This  can  only  be  done  at  the  bottom  end,  however,  as  the 
water  must  be  shut  off  before  these  holes  come  above  the  surface  of 
the  water  to  avoid  a  deluge  over  the  men  and  plant,  and  shutting 
off  the  water  is  dangerous,  as  the  jets  are  then  almost  sure  to  freeze 
or  stick  in  the  bottom,  so  they  cannot  be  pulled  out,  and  are  thus 
lost  for  future  use. 


TABLE  Xin.— HEAD  IN  FEET  WITH  EQUIVALENT  IN  POUNDS  PRESSURE 
PER  SQUARE  INCH. 
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The  use  of  jets  either  from  a  pile-driver  scow  or  a  pump  scow 
(Fig.  70)  is  the  most  satisfactory,  as  it  employs  a  low  lift  for  the 
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pumps,  gives  a  short  delivery  line,  which  reduces  the  losses  at  both 
ends,  and  results  in  a  much  greater  pressure  at  the  nozzle  than  is 
the  case  with  a  pumping  plant  located  in  one  position  on  shore  or  on 
falsework.  The  jets  should  always  be  run  down  into  the  bottom, 
as  has  been  stated,  and  then  the  pile  dropped  in,  the  jets  kept  going 
up  and  down  the  pile  as  it  is  tapped  with  the  hammer  and  driven 
home. 

The  same  pump  scow  should  be  rigged  to  handle  the  sand  pumps 
or  hydraulic  elevators  on  a  piece  of  work  similar  to  that  described 
in  Chapter  X,  an  extra  pump  being  provided  not  less  than  idX6Xio 
to  supply  a  jet  to  loosen  up  the  material  for  the  pump  or  elevator, 
AMiether  the  sand  pump  is  used  for  excavating  the  crib  or  not,  it 
is  useful  in  cleaning  out  for  concreting,  and  especially  necessary 
where  piles  have  been  driven  in  the  crib,  to  remove  the  material 
swelled  up  in  driving  and  jetUng  the  piles.  While  it  is  usual  to 
dredge  out  a  crib  somewhat  deeper  than  required  to  allow  for  this, 
the  jetting  will  often  fill  up  a  crib  from  4  feet  to  10  feet  with  soft 
stuff  which  must  be  removed  to  have  the  bottom  in  proper  condition 
to  receive  the  concrete. 

Where  cribs  are  to  be  sunk  to  great  depths,  it  is  advisable  to  have 
a  pumping  plant  to  supply  water  to  jets  for  jetting  around  the  crib 
to  reduce  the  friction.  This  can  either  be  done  by  separate  jets  or 
by  jets  built  into  the  crib  or  caisson,  and  this  might  require  a  much 
larger  equipment  of  boilers  and  pumps  than  would  be  needed  for 
the  jetdng  of  piles. 

The  depth  to  which  it  is  necessary  to  jet  piling  in  a  bridge,  founda- 
tion is  determined  from  one  of  three  conditions,  first,  to  get  below 
scour;  second,  to  reach  a  hard  substratum  which  is  to  carry  the  load; 
and  third,  to  a  sufficient  depth  in  a  soft  bottom  so  that  the  frictional 
resistance  of  the  pile  will  cany  the  required  load. 

The  depth  to  go  in  the  first  case  must  be  arrived  at  from  a  careful 
study  of  the  location  as  to  the  depth  scour  will  reach,  bearing  in  mind 
the  changed  flow  that  will  result  in  placing  piers  in  the  river.  If 
there  is  any  question  about  this,  the  piles  must  be  given  a  penetra- 
rion  of  a  sufficient  amount  to  make  the  piers  safe  beyond  question, 
and  riprap  must  be  placed  around  the  pier,  so  as  to  prevent  scour 
starting. 

The  probable  result  of  such  study  will  doubtless  indicate  that 
the  crib  or  caisson  must  be  carried  deeper,  as  scour  below  the  cutting 
edge  would  lay  the  piles  bare  and  make  the  safety  of  the  pier 
doubtful. 

The  second  case,  where  piles  are  required  to  be  jetted  down  to 
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reach  a  hard  substratum,  would  cause  the  piles  to  act  as  timber 
columns,  and  consequently  would  be  very  much  limited  as  to  the 
safe  or  economical  depth.  Probably  not  over  40  to  50  feet  would  be 
con^dered  safe  for  the  ordinary-sized  piling,  for  the  ordinary  loaxls. 
If  piles  are  considered  as  columns,  the  hgures  would  sometimes 
indicate  that  they  would  carry  a  greater  load  than  indicated  by  the 

friction,  or  the  usual  formula ,  so  they  must  be  used  with  very 

s+i 
careful  judgment,  especially  as    the  pile  in  reaching  hard  bottom 
may  rest  on  the  point  only. 

Where  the  engineer  can  be  sure  that  the  material  through  which 
the  piles  have  been  driven  to  the  hard  bottom  is  firm  enough  to  give 
sidewise  support  to  the  pile,  they  can  be  figured  as  short  columns 
(Table  III,  Chapter  IV)  to  carry  a  load  of  1000  pounds  per  square 
inch  as  given  by  Rankine,  or  the  lesser  value  of  786  pounds  as  given 
by  Peroanet  for  ordinary,  good  timber.  The  values  for  various 
classes  of  timber  as  shown  by  recent  tests  are  given  in  the  tables  of 
timber  in  Chapter  XXVIII. 

The  depth  to  go  in  the  third  case  where  the  friction  on  the  piles 
must  carry  the  load,  is  to  be  determined  by  applying  the  formula  for 
driving  with  a  drop-hammer  or  a  steam  hammer  as  the  case  may  be, 
until  the  pile  is  driving  hard  enough  to  carry  the  load.  Where  the 
piles  are  being  jetted,  it  is  the  usual  custom  to  atop  jetting  at  about 
the  required  depth,  and  hammer  the  pile  for  some  little  time  to  see 
what  the  penetration  per  blow  is  after  getting  below  the  material 
disturbed  by  the  jet,  in  order  to  apply  the  formula. 

In  many  cases  where  piles  have  been  jetted  and  allowed  to  set 
for  some  hours  until  the  material  has  frozen  around  them,  they 
cannot  afterwards  be  moved  with  the  hammer,  or  at  least  very  little 
penetration  will  result,  which  fact  goes  to  show  that  in  many  cases 
piles  are  driven  to  ridiculous  depths  simply  because  the  jets  will 
assist  them  there.  In  no  case  should  they  be  jetted  deeper  than 
necessary  to  carry  the  load  by  the  friction  on  the  surface,  as  set  forth 
in  Chapter  IV,  that  is,  500  pounds  per  square  foot  of  surface  in  firm 
sand  or  clay,  or  as  low  as  120  pounds  per  square  foot  in  silt.  Careful 
actual  tests  in  any  case  where  a  large  number  of  piles  are  to  be  driven 
might  indicate  that  these  values  could  be  doubled  or  trebled,  with 
perfect  safety. 
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CONSTRUCTION  WITH  SHEET-PILES* 

Water  pressure  against  the  sides  of  a  sheet-pile  coffer-dam 
is  seldom  provided  for  in  an  accurate  manner,  the  thickness  of  the 
piling  being  usually  decided  upon  from  past  experience,  as  are  also 
the  size  and  spacing  of  the  guide-piles  and  wales. 

These  are  points  where  guess-work  should  be  eliminated,  as  other- 
wise good  coffer-dams  are  often  seen  where  the  pressure  has  so  bulged 
the  plank  as  to  cause  leakage.  While  this  may  perhaps  be  corrected 
by  additional  bracing,  simple  calculations  may  easily  be  made  to 
determine  the  size  beforehand. 

The  pressure  against  a  coffer-dam  may  act  as  at  (a),  Fig.  So,  the 
sheet-piling  being  in  the  condition  of  a  beam  ffxed  at  one  end  and 
loaded  with  a  gradually  increasing  weight,  as  shown  by  the  dotted 
lines,  due  to  the  pressure  of  water  or  puddle  at  62.4  pounds  per  cubic 
foot.  Then  the  load  on  a  width  w  of  the  wall  is  i24.8a«P  and  the 
moment  of  the  pressure  is  S^.swcf^.  Taking  the  allowable  unit  stress 
on  wet  timber  at  1000  pounds  per  square  inch,  the  thickness  t  of  the 
sheet-piling  may  be  obtained  from  the  formula 

t  =  V.^g6d', 

in  which  d  is  to  be  taken  in  feet,  and  the  resulting  value  of  t  will  be 
the  thickness  in  inches  of  the  sheet-piling. 

This  formula  has  been  expressed  in  a  graphic  manner  in  diagram 
(d).  Fig.  80,  from  which,  knowing  the  depth  of  water  2d.  the  thickness 
of  piling  may  be  read  directly  without  calculation. 

The  addition  of  a  strut,  as  at  (6),  Fig.  80,  places  the  sheet-piling 
in  the  concUtion  of  a  beam  supported  at  the  upper  end  and  fixed  at 

•  The  assumption  liiat  the  pressure  ot  puddle  will  be  the  same  as  water  pressure  i> 
made  advisedly.  It  ia  true  that  wry  wet  clay,  approaching  a  fluid  condition,  will 
exert  a  much  greater  pressure,  but  it  would  then  be  useless  as  puddle-  Dry  clay  would 
exert  a  pressure  of  less  than  half  that  due  to  water,  so  it  has  been  assumed  that  ik*  clay  ot 
puddle  would  exert  the  same  force  as  water.  Should  it  exceed  It  for  a  short  time  no 
daiiiae«  would  be  done,  owing  to  the  bw  umt  stress  adopted. 
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the  lower  end,  but  for  practical  reasons  it  is  best  to  consider  it  as 
merely  supported  at  both  ends.  The  load  will  be  the  same  as  in  the 
former  case,  i24.SwtP,  but  the  maximum  moment  will  occur  at  a 
point  X,  which  is  a  distance  from  the  top  equal  to  i.i6  times  d,  and  has 
a  value  of  321WP,    The  thickness  /  may  be  found  from  the  formula 


When  the  section  of  the  plank  to  be  calculated  is  located  as  "  j  " 
in  {c)  of  Fig.  80,  it  is  in  the  condition  of  a  beam  fixed  at  both  ends 
and  loaded  with  a  uniform  load  m  and  a  triangular  load  n.  The 
exact  analy^  of  this  is  too  lengthy  to  be  taken  up  here,  and  reference 
may  be  made  to  page  195  of  Wood's  "  Resistance  of  Materials." 

For  practical  purposes  we  may  consider  the  load  as  all  uniforni 
and  due  to  the  head  acting  at  the  middle  of  the  spail.  This  will 
give  a  load  of  62.4wds  on  the  span  s  for  a  width  w,  and  a  moment  of 
•j.Sds^,  which  gives  a  formula  for  practical  use,  for  a  imit  stress  of 
1000  pounds  per  square  inch  of 

This  is  closely  represented  graphically  in  diagram  (e)  of  Fig.  80 
which  may  also  be  used  for  case  (6)  by  taking  the  depth  of  water 
to  the  middle  of  the  span.  For  example,  when  the  depth  of  water  to 
the  middle  of  the  span  is  15  feet,  find  this  in  the  vertical  column  to 
the  left,  and  if  6-inch  sheet-piles  are  to  be  used,  follow  the  horizontal 
through  15  feet  until  it  intersects  the  6-inch  curve  and  vertically 
beneath  will  be  found  the  maximum  spacing  of  wales,  7  feet  3  inches. 

The  ^ze  and  spacing  of  wales  may  be  taken  from  a  similar  diagram 
if)  of  Fig,  80,  which  assumes  the  guide-piles  to  be  8  feet  apart.  The 
spacing  of  struts  or  braces  will  vary  so  much  that  the  load  must 
be  calculated,  and  when  this  and  the  length  are  known  the  size  may 
be  calculated  from  diagram  {g)  of  Fig.  80,  which  is  for  wet  timber. 

From  the  formula 

p^6oo--;{l-i-d), 

in  which  p  is  the  allowable  stress  in  pounds  per  square  inch,  I  is  the 
unsupported  length  in  inches,  and  d  the  least  side  of  the  stick  in  inches. 
Where  two  rows  of  sheet-piling  are  to  be  driven  to  form  a  puddle- 
chamber,  if  they  are  to  be  efficiently  braced  from  the  inside  of  the 
coffer-dam,  it  will  be  sufficient  to  have  a  thickness  of  puddle  of  from 
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2  to  4  feet  to  exclude  the  water,  depending  on  the  quahty  of  the 
puddle.  Where  there  is  to  be  no  internal  bracing,  but  two  rows  of 
sheet-piling  braced  together  and  filled  with  puddle  are  to  resist  over- 
turning, the  common  rule  is  to  make  the  width  of  the  puddle-chamber 
equal  to  the  height  above  ground,  up  to  lo  feet.  When  the  height 
exceeds  lo  feet,  add  one-third  to  the  excess  height  to  lo  feet  for  the 
width. 

When  the  puddle-chamber  becomes  very  wide  it  is  often  divided 
into  several  compartments,  as  was  shown  in  Fig.  5,  and  stepped  in- 
a  similar  manner.  When  the  bottom  is  rock  overlaid  with  a  thin 
deposit  of  clay  or  gravel,  the  sheet-piles  may  be  driven  around  an 
open  crib-work  for  support,  as  was  done  at  Harper's  Ferry,  on  the 
B.  &  O.  R.  R. 


'^  '^i 


Where  the  guide-piles  are  to  be  used,  the  waling-pieces  are  framed 
in,  as  was  specified  on  the  Hutcheson  Bridge,  as  shown  at  (a).  Fig. 
81,  where  the  guide-piles  are  of  sawed  timber.  The  wales  are  spaced 
slightly  farther  apart  than  the  thickness  of  the  sheet-piles,  to  allow 
clearance  in  driving,  the  space  between  the  guide-piles  being  filled 
out  with  a  key  pile  to  fill  the  panel  tightly.  This  method  is  but  little 
used  with  tight  piling,  that  shown  at  (b),  Fig.  81,  allowing  the  piling 
to  be  driven  continuously,  by  removing  the  spacing  blocks  as  they 
are  reached,  and  substituting  bolts  through  the  sheet-piles,  firmly 
connecting  the  piles  and  wales  together. 

A  very  satisfactory  method  is  described  in  the  Engineering  News 
of  May  12,  i8q2,  which  was  used  by  A.  F.  Walker.  Having  occasion 
to  do  a  large  amount  of  work  it  was  de^rable  not  to  go  to  the  expense 
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of  squared  guide-piles.  Round  guide-piles  (P)  were  first  driven  7 
feet  apart,  and  cut  off  to  a  level.  Caps  were  then  drift-bolted  to  the 
tops,  ailo'wing  them  to  project  slightly  beyond  the  face  of  the  round 
piles,  thus  forming  a  permanent  support  for  the  top  of  the  sheet- 
piles.  Near  the  groimd  line  was  placed  the  clamp,  consisting  of  two 
sticks  (X)  and  (K),  connected  by  three  bolts  and  drawn  together  as 
tight  as  the  intervening  piles  or  pile  and  gage-block  (G)  will  permit. 
The  stick  (Z)  is  then  forced  forward  by  the  wedges  (H')  until  the 
.space  between  (Z)  and  (Y)  is  the  same  as  the  thickness  of  the  piles. 
The  pieces  (X),  (K),  (Z)  are  slotted  for  the  middle  bolt,  and  this 
permits  of  some  adjustment.  When  one  of  the  piles  partially  closes 
this  slot,  a  notch  is  cut  in  it  large  enough  to  receive  the  bolt,  and 
the  bolt  is  then  slipped  up  to  it  and  tightened.  This  allows  of 
the  next  pile  being  driven  as  close  as  the  others.  When  one  panel 
has  been  completed  the  nuts  are  removed  and  the  clamps  moved 
forward  to  the  next  one,  a  notch  being  cut  in  the  end  pile  to  receive 
the  end  bolt  of  the  clamp.  The  piles  are  sharpened  flatwise  with 
a  little  more  slope  on  the  side  facing  the  guide-piles,  giving  them 
a  tendency  to  drive  away  from  the  guide-pile  at  the  foot  and  bear 
against  the  cap  at  the  top.  A  slight  bevel  is  also  given  to  the  edge 
to  make  the  foot  crowd  the  adjoining  pile.  During  the  first  half 
of  the  driving,  the  joint  is  held  a  little  open  at  the  top,  but  during  the 
latter  half,  pressure  is  brought  to  crowd  it  toward  its  ndghbor,  and 
the  joint  will  close  as  tightly  as  possible. 

The  use  of  single  pieces  of  timber  as  wales,  against  which  the  sheet- 
piling  is  driven,  is  illustrated  in  the  use  of  method  (fi)  of  Fig.  53,  by 
Benj.  Douglas,  bridge  engineer  of  the  Michigan  Central  Railway. 
The  coffer-dam  (Fig.  82)  was  built  without  guide-piles,  the  wales 
being  i2Xi2-inch  timber  bolted  against  the  outside  of  the  sheet- 
pilii^,  by  the  brace  rods  i  inch  in  diameter.  The  wales  are  held 
in  place  vertically  by  bracing  of  2Xi2-inch  pine  plank,  which  are 
spiked  on  as  verticals  and  diagonals  to  form  a  truss  and  also  to  stiffen 
the  framework  in  general. 

The  sheet-piling  is  6X12,  and  after  being  driven  into  the  hard 
gravel  bottom,  the  cracks  were  lapped  by  i-inch  boards.  The 
bottom  was  uneven  and  accounts  for  the  difference  in  height,  the 
excavation  at  the  high  end  being  dumped  outside  at  the  low  end,  to 
assist  in  making  the  dam  tight.  The  puddle-chamber  was  2  feet 
8  inches  wide  and  was  filled  with  clayey  gravel.  The  plan  also  shows 
the  grillage  in  place  for  receiving  the  foundation  courses  of  the  stone- 
work. This  is  formed  by  12X12  timber  crossed,  and  drift-bolted 
together  with  i-inch  round  and  18-inch  long  drift-bolts. 
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The  account  of  the  Arthur  Kill  Bridge  foundation  in  Vol.  27  of 
the  "  Transactions  of  the  American  Society  of  Civil  Engineers," 
by  A.  P.  Boiler,  consulting  engineer,  covers  a  very  interesting 
experience  with  sheet-piling  on  pier  No.  5:  "This  pier  is  near 
the  edge  of  the  marsh  forming  the  Staten  Island  shore,  which 
is  barely  flooded  at  extreme  high  tides.  Borings  indicated  about 
30  feet  from  the  surface  to  hard  bottom,  consisting  of  mud,  mud 
and  clay,  clay  and  shale  to  .  the  bottom  of  shaley  day,  in  which 
the  pier  was  to  be  founded.  Exjierience  on  other  work  of  a  similar 
character  indicated  that  the  founding  of  this  pier  would  be  accom- 
plished with  little  difficulty.  The  area  of  the  foundations  was  inclosed 
with  a  tongued-and-grooved  sheet-pile  dam  of  4-inch  yellow  pine 
plank.  But  it  was  found  impossible  to  hold  the  plank  at  a  depth 
of  15  feet,  the  mud  and  clay  becoming  puddled  with  water,  and 
despite  atl  efforts  at  bracing,  the  piank  shoved  inward  to  such  an 
extent  as  to  spoil  the  whole  dam  before  we  were  half  way  down.  A 
second  dam  was  therefore  driven  around  the  first  one,  but  this  time 
with  loXiz-inch  tongued-and-grooved  timbers,  in  one  length  to 
reach  the  extreme  bottom.  These  timbers  were  grooved  by  slitting 
the  grooves  out  at  the  mill  with  a  circular  saw,  and  chiseling  the 
blank  so  formed  free.  The  tongue  was  an  independent  spline, 
2JX4  inches,  of  dry  wood  and  nailed  in  one  groove.  The  timbers 
were  shaped  at  the  feet  to  drive  close.  This  dam  was  hard  driving 
but  was  finally  accomplished,  when  digging  was  resumed  and  the 
old  dam  removed  piecemeal  as  we  could  get  in  the  braces.  The 
.  bottom  was  reached  within  a  perfect  dam,  with  only  one  bad  leak 
in  the  northwest  comer,  due  to  the  shattering  of  a  small  piece  of 
one  tongue  during  the  driving.  As  it  was  impossible  to  stop  this 
leak  from  the  inside,  and  the  outside  was  inaccessible,  to  prevent 
washing  the  concrete,  the  leak  was  led  off  in  a  box  at  the  side  of  the 
dam  to  the  sump-well,  and  the  footing  course  of  concrete,  filling  the 
whole  area  of  the  dam  about  seven  feet  deep,  was  gotten  in  place," 

This  example  emphasizes  in  a  very  decided  manner  many  of  the 
statements  that  have  been  made  heretofore.  While  no  doubt  the 
removal  of  the  old  dam  was  attended  with  much  expense,  its  inclosure 
entirely  within  the  new  sheet-piling  rendered  the  prosecution  of  the 
work  comparatively  certain'. 

An  example  of  the  driving  of  sheet-piling  on  a  slant,  to  prevent 
crowding  in  at  the  bottom,  is  shown  in  Fig.  83,  which  is  a  cross-section 
of  a  sewer  coffer-dam  used  on  the  MetropoUtan  Sewerage  Systems 
of  Massachusetts  by  Howard  A.  Carson,  chief  engineer,  and  described 
in  the  Engineering  News  of  Feb.  8,  1894. 
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The  outlet  into  the  ocean  at  Deer  Island  begins  at  a  point  about 
60  feet  inside  the  high-water  line,  and  about  1850  lineal  feet  is  from 
5  to  10  feet  below  high  water.  Thia  necessitated  the  coffer-dam, 
which  was  constructed  with  bents  every  6  feet  and  with  2-inch  plank 
inside  the  high  water-line,  but  for  the  remaining  distance  of  4-inch 
matched  plank.  The  excavation  was  done  by  means  of  buckets, 
traveling-derricks,  and  dump-cars,  the  latter  being  emptied  at  the 
sides  and  ends  of  the  trench.  The  leakage  from  the  ocean  was  kept 
out  by  using  centrifugal  pumps,  which  pumped  a  maximum  of  46,000 
gallons  per  hour.  The  concrete,  which  has  large  boulders  embedded 
in  its  surface  the  size  of  paving-stones,  was  carried  up  to  the  level  of 
the  ocean  bottom. 


FTG.   83. — SeWXR   CoFFEB-DAlf.      BoSTON   SEWEBACE    SySTEM. 

■From  the  middle  of  June,  1893,  when  the  work  was  begun,  to 
the  end  of  September,  526  feet  of  trench  were  completed.  The  size 
of  the  trench  was  14  feet  average  depth  and  10.8  feet  average  width, 
which  made  the  exacavation  average  5.6  yards  per  lineal  foot.  The 
cost  of  the  trench,  including  coffer-dam,  sheeting  left  in,  and  back- 
filling, was  S44  per  lineal  foot. 

Casual  mention  has  been  made  in  several  places  of  the  use  of 
Wakefield  sheet-piling  which  was  illustrated  at  h  and  k'  of  Fig.  52 
and  which  is  further  shown  in  Fig.  84.  View  No.  i  is  of  a  corner 
which  is  formed  as  in  the  plan  No.  2,  a  tongue  being  bolted  on  the 
ade  of  a  pile,  when  the  corner  is  reached  as  in  No.  3.  Any  angle 
is  turned  by  a  ^milar  method,  which  is  shown  by  No.  4,  or  the  piles 
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may  be  driven  to  fonn  a  curve.    The  essential  features  of  the  system 
are  the  triple  lap  or  long  tongue  and  groove  which  excludes  the 


Fic.  84-— Wakefield  Sheet-piling. 

water,  and  the  use  of  ordinary  plank,  which  can  be  easily  obtained. 
The  center  plank  should  be  sized  to  a  uniform  thickness,  to  insure 
the  tongues  fitting  the  grooves,   and  to  make  driving  easy,  while  the 
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three  plank  are  to  be  bolted  and  spiked  together  to  cause  them  to 
act  as  a  compound  beam  and  not  as  separate  plank  like  the  system 
of  (A),  Fig.  52.  It  is  recommended  to  use  a  2j-inch  tongue  on  i-inch 
boards  and  |-inch  bolts.  For  ij-inch  plank  a  3-inch  tongue,  for  2-inch 
and  2j-inch  plank  a  3j-inch  tongue  and  J-inch  bolts,  while  for  3-inch 
plank  a  3^-inch  tongue  and  |-inch  bolts  are  to  be  used,  and  the  same 
size  bolts  for  4-inch  plank,  but  a  4-inch  tongue.  Two  bolts  are  to  be 
staggered  in  every  5  to  8  feet  of  the  length  of  the  pile,  and  ^ikes  used 
between  the  bolts  on  long  piles. 

The  La  Grange  lock  on  the  Illinois  River  was  inclosed  with  this 
piling,  tmder  the  direction  of  Major  W.  L.  Mai^all,  Corps  of 
Engineers.  It  was  intended  to  back  the  sheeting  with  earth,  but  as 
both  dredges  broke  down  the  water-tightness  was  entirely  dependent 
on  the  Wake&eld  piling,  and  under  a  7-feet  head  no  leaks  were 
developed.    The  piles  were  made  of  three  plank  3X12  inches  by 


Fig.  85. — Type  of  Mohence  and  Harper's  Ferbv  Coffer-dahs. 

22  feet  long  and  with  a  3-inch  tongue;  they  were  driven  by  three 
pile-drivers  with  hammers  of  from  2800  to  3000  pounds  through 
sand  and  mud,  and  in  one  place  a  layer  of  shells.  There  was  no 
difficulty  experienced  in  driving  the, piles  without  special  appliances. 
The  use  of  i-inch  boards  in  this  form  (Fig,  85)  is  described  by 
H.  F.  Baldwin,  chief  engineer  of  the  C.  &  E.  I.  Railway:  "  In  con- 
structing our  second  track  over  the  Kankakee  River  at  Momence, 
m,,  it  was  necessary  to  extend  the  piers  in  that  river.  The  bottom 
is  limestone  and  the  surface  is  very  irregular.  We  tried  several  days 
and  finally  succeeded  in  constructing  a  coffer-dam  with  two  parallel 
walls  of  ^eet-piling.  We  then  tried  the  Wakefield  triple  lap-piling, 
constructed  of  i-inch  boards  sharpened  to  an  edge,  2^  tongue  and 
groove,  which  were  driven  with  sledges  until  the  piles,  which  were 
soft  pine,  conformed  to  the  uneven  surface  of  the  rock.  This  piling 
was  driven  around  cribs  loaded  with  stone,  and,  after  the  piling 
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was  driven,  gravel  was  put  outside  the  coffer-dam,  after  which  no 
trouble  was  experienced  in  pumping  out. the  water." 

The  work  on  the  foundations  of  the  new  B.  &  O.  R,  R.  bridge 
over  the  Potomac  River  at  Harper's  Ferry  was  similar  in  many 
respects  to  the  above,  and  the  system  was  found  to  be  very  satis- 
factory . 

References  were  made  to  the  use  of  this  piling  on  the  Charlestown 
Bridge  at  Boston  and  the  driving  of  the  piles  shown  in  Fig.  53.  The 
work  was  under  the  charge  of  Jno.  E.  Cheney,  consulting  engineer, 


Fig.  S6. — Coffek-dam  oh  Chaiilestown  Bridge. 

and  was  successfully  carried  out.  The  piling  were  driven  principally 
as  forms  for  concrete  foundations,  and  but  little  care  was  taken  to 
make  the  dams  water-tight.  After  the  concrete  was  deposited  they 
were  used  as  coiTer-dams  against  a  6-  or  7-feet  head  of  water.  They 
were  18  feet  6  inches  by  iig  feet  (Fig.  86)  and  in  some  cases  were  30 
feet  below  low  water  or  40  feet  below  mean  high  water.  The  piling 
was  made  of  2-inch  plank  and  driven  with  an  ordinary  pile-driver. 
The  pumping  was  done  with  a  20-inch  centrifugal  pump,  and  in  some 
cases  a  1 2-inch  Follansbee  pump  of  the  propeller  type  was  used. 

The  construction  of  the  sewerage  system  at  Fort  Monroe,  Va., 
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under  Capt.  Thos.  L.  Casey,  Corps  of  Engineers,  is  described  in  the 
report  of  the  Chief  of  Engineers  of  i8g6.  The  work  was  done  on  the 
general  plans  of  Rudolph  Hering,  consulting  sanitary  engineer.  One 
of  the  special  difficulties  encountered  "  was  the  building  of  a  sewage 
tank  50  feet  in  diameter,  with  walls  of  brick  2  ffiet  in  thickness, 
exteriorly  diminishing  to  3  feet  at  the  center,  the  inferior  reference 
of  which  was  20  feet  below  low  water.  As  described  in  the  report 
referred  to,  this  was  accomplished  very  successfully  by  excavating 
a  large  area  to  the  reference  of  ground-water,  some  5  or  6  feet  below 


Fto,  87. — Reservoir  Coffek-qam,    Fort  Mokrob,  Va. 


the  surface,  and  then  driving  by  the  pile-driver  and  water-jet  com- 
bined, two  concentric  twelve-sided  polygons  of  Wakefield  sheet- 
piling  28  feet  in  length,  30  and  22  feet  from  the  center,  about  the 
circumference  of  the  shallow  excavation.  (Fig.  87.)  The  material, 
consistii^  of  fine  water-soaked  sand,  with  a  small  admixture  of 
clayey  matter  and  fine  gravel,  was  then  excavated  between  the 
polygons  to  a  reference  of  20  feet,  transverse  shoring  braces  bearing 
upon  stout  stringers  being  put  in  at  intervals  as  the  work  proceeded. 
The  material  did  not  vary  much  in  its  general  nature,  but  a  number 
of  old  piles  were  taken  up,  some  of  which  did  considerable  injury 


D.qit.zeaOvGoOt^lc 


122  SUB-AQUEOUS  FOUNDATIONS 

to  the  sheet-piling  when  driven,  as  shown  in  the  subsequent  excava- 
tion. The  water  was  controlled  by  a  powerful  steam-pump  having 
its  point  of  suction  fixed,  the  water  being  permitted  to  flow  toward 
it  throughout  the  circumference.  It  was  noticed  that  ground-water 
came  through  the  sheeting  very  freely  at  first,  but  that  it  constantly 
ceased  to  flow  to  any  great  extent  at  a  height  of  a  few  feet  above  a 
point  of  excavation  as  this  continually  descended,  owing  to  the  rapid 
drainage  of  the  strata.  The  interior  core,  in  fact,  became  quite  dry, 
so  that  in  excavating  after  the  walls  were  laid,  no  water  was  encoun- 
tered until  the  bottom  of  the  external  concrete  ring  had  been  virtually 
laid  bare.  Upon  attaining  the  reference — 30  feet,  the  excavation 
ceased  and  hand-mixed  concrete  was  deposited  directly  upon  the 
bottom,  as  this  was  considei-ed  to  be  sufficiently  firm,  the  pump  being 
stopped  temporarily  in  order  to  prevent  a  flow.  The  concrete  was 
rammed  firmly  against  the  outer  sheeting  externally  and  against 
plank  forms  vnth  triangular  cross-section  resting  against  the  inner 
sheeting  internally,  until  6  feet  in  depth  had  been  put  in  place.  The 
portion  of  the  ring  at  the  pump  suction  was  filled  rapidly  with  con- 
crete in  bags.  The  2-feet  brick  wall  was  then  carried  up  from  the 
axial  line  of  the  concrete  ring,  the  space  between  the  wall  and  the 
outer  sheeting  filled  with  sand,  except  about  6  inches  at  the  base 
of  the  wall,  which  was  of  concrete.  The  braces  were  removed  as 
successively  attained,  the  inner  prism  of  dry  sand  being  held  securely 
by  the  sheeting  and  the  extreme  top  struts,  which  were  left  in  place 
until  the  inner  core  was  completely  excavated.  On  the  completion 
of  the  latter  work  to  reference — 20  feet,  the  water  which  came  in 
freely  from  without  under  the  concrete  ring  at  several  points  was 
conducted  in  a  peripheral  trench  to  the  fixed  point  of  pumping.  No 
water  came  upward  and  the  middle  portions  of  the  bottom  became 
perfectly  dry.  The  inner  sheeting  was  cut  off  at  the  base  of  the 
ring,  boards  were  placed  transversely  over  the  peripheral  trench, 
a  duck  tarpaulin  coated  with  hot  asphalt  laid  down,  and  concrete 
rammed  in  place  until  the  concave  bottom  with  sump  channel  had 
been  completed,  leaving  only  the  pipe,  through  which  the  ground- 
water had  been  pumped  continually,  night  and  day  at  about  1000 
gallons  per  minute,  penetrating  the  concrete.  In  order  to  fill  this 
pipe,  it  was  cut  off  above  the  level  of  permanent  ground-water,  and 
after  the  water  within  had  attained  the  level  of  ground-water  in  the 
surrounding  area  and  had  become  perfectly  quiescent,  neat  cement  in 
paper  bags  was  dropped  within,  being  retained  at  the  bottom  by  the 
closed  valve;  the  bags  were  readily  broken  up  by  a  long  pole  thrust 
down  the  pipe.    The  latter  was  then  cut  off  at  the  level  of  the  bottom 
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and  a  coating  of  cement  plaster  applied  throughout.  The  resultant 
leakage  through  the  bottom  did  not  exceed  about  a  gallon  a  minute 
and  this  will  be  greatly  reduced 
by  the  infiltration  of  sand  from 
beneath," 

Further  illustrations  of  the  use 
of  sheet-pile  coffer-dams  will  be 
given;  then  the  operations  of 
dredging,  pumping,  and  concreting 
will  be  described  at  some  length, 

The  piers  for  a  bascule  bridge 
over  the  Lake  Washington  Canal 
in  Seattle  constructed  by  the 
author  for  the  Northern  Pacific 
Railway  under  W.  L.  Darling, 
Chief  Engineer  of  the  road,  were 
built  from  plans  prepared  by  H. 
E.  Stevens,  Bridge  Engineer  of  the 
line. 

Piers  No.  i  and  No.  2  on  the 
north  side  of  the  canal  are  45  feet 
centers,  while  pier  No.  3  is  191  feet 
from  the  center  of  pier  No.  2  and 
across  .the  canal,  as  shown  in  Fig. 
88.  The  borings  showed  (Fig.  89) 
a  thick  layer  of  wet,  soft  brown 
loam  beneath  the  surface;  next  a 
layer  of  soft  blue  clay,  and  under- 
laid by  a  bed  of  fine  sand  carrying 
I  per  cent,  of  fine  gravel.  The 
plans  indicated  the  probable  use 
of  piling  under  all  three  piers. 
The  total  weight  on  the  foundation 
of  pier  No.  i  was  calculated  to  be 
6323  tons,  on  No.  2  to  be  4520 
tons  and  on  No.  3  to  be  3382  tons; 
giving  a  pressure  on  the  sand  in  case 
piling  was  not  used  and  taking  into 
account  the  bouyancy,  of  2.98 
tons  per  square  foot  for  No.  i,  of 
2.81  tons  for  No.  2,  and  2.84  tons  for  No.  3.  In  case  piling  was 
used  as  contemplated,  the  load  per  pile  considering  buoyance  would 
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be  for  No.  i  pier  21.8  tons,  for  No.  2  pier  21.0  tons,  and  for  No. 
3  pier  21.7  tons.  Considering  that  one  ton  per  square  foot  of  base 
was  carried  by  the  sand,  each  pile  in  No.  i  would  have  to  sustain 
18.9  tons.  No.  2  pier  17.2  tons,  and  No.  3  pier  19.0  tons. 

With  the  bottoms  of  the  piers  at  minus  20  and  the  ground  surface 
near  high  tide  elevation  of  plus  12.6,  and  with  the  soft  watertight 
material  to  penetrate,  the  location  seemed  an  ideal  one  for  using 
sheet-piling  for  coffer-dams.    Accordingly  sheet-piles  were  prepared 


Fig.  go. — Coffer-dam  N.  P.  Piers. 

of  10X12  and  12X12  timber,  with  dove-tail  tongue  and  groove 
spiked  on  (Fig.  91 ) ;  but  upon  proceeding  to  drive  them,  a  hard  bottom 
was  struck  on  pier  No.  1  at  about  elevation  —8  to  —11,  and  on  pier 
No.  2  at  about  —11  to  —14.  This  was  found  to  be  so  hard,  appar- 
ently cemented  gravel,  that  it  was  believed  it  would  stand  up  while 
excavating  below  the  bottoms  of  the  sheet -piles,  especially  if  proper 
lagging  or  short  sheeting  was  used.  Work  was  continued  and  all  of 
piers  No.  i  and  No.  2  were  driven,  but  upon  proceeding  to  excavate 
pier  No.  2,  carrying  down  the  bracing  as  the  hole  was  deepened,  the 
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whole  mud  flat  commenced  to  slide  towards  the  canal,  carrying  the 
tops  of  Nos.  I  and  2  coffer-dams  with  it. 

Work  was  then  stopped  on  No.  2  and  the  decision  made  to  com- 
plete No.  1  first  to  act  as  a  retaining  wall  to  protect  No.  2  and  upon 
reaching  the  bottom  of  the  sheet-piling,  it  was  fomid  impossible  to 
use  the  lagging  on  account  of  the  hard  material  going  to  pieces  when 
exposed  to  water.  To  overcome  this  difficulty  sheeting  was  driven 
outside  the  sheet-piles,  of  4  X  i  a  plank,  40  feet  loi^,  and  by  this  means 
a  depth  of  — 16.5  was  reached,  where  it  was  decided  to  found  the 


Fig.  90a.— Salmon  Bay  Piers,  N.  P.  Ry. 

pier  on  the  hard  bottom  without  piling.  The  excavation  was  all 
done  by  a  one-yard  Owen  clamshell  bucket,  operated  on  a  derrick, 
from  a  double  SJXio  hoist  engine,  with  swinging  drums.  This 
bucket  dumped  into  a  hopper  at  the  end  of  a  sluice  24  inches  wide 
and  12  inches  deep,  which  was  supplied  with  water  to  wash  away 
the  excavated  material,  from  a  6-inch  direct-connected  sand  pump. 
This  drew  its  water  from  inside  the  coffer-dam,  and  with  the  assist- 
ance of  a  No.  2  Emerson  pump  kept  the  dam  dry.  The  steam  for 
these  and  a  7X41X10  jetting  pump  was  supplied  by  an  80  horse- 
power vertical  boiler. 

The  material  was  kept  away  from  the  bucket  by  the  sluiceway 
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described,  and  some  of  the  material  was  so  slick  it  would  slide  in 
chunks  along  the  sluice,  in  pieces  of  a  quarter  of  a  yard  or  more,  a 
distance  of  about  150  feet  to  the  grade  fill  back  of  the  bridge. 

Upon  pumping  out  No.  2  again  and  finding  that  the  4X12  sheet- 
ing would  have  to  be  driven  around  it,  the  decision  was  reached  to 
complete  pier  No.  3  next,  in  order  not  to  disturb  the  cement  house 


Fic.  91. — Saluok  Bay  Cotfeb-dam  PtEA  No.  3. 

and  spouting  tower.  (Fig.  90a.)  The  sheet  piles  for  No.  3  of  10X12 
timber  40  feet  long  had  been  driven,  and  at  only  this  short  distance 
of  less  than  200  feet  from  the  other  piers  no  hard  stufE  was  struck,  and 
they  reached  a  penetration  below  —20,  the  bottom  of  the  pier.  This 
was  excavated  in  the  same  manner  as  described  for  the  other  piers, 
the  bracing  being  placed  as  the  hole  was  dug  out  (Fig.  91).  Bottom 
was  reached  without  encountering  any  hard  material,  but  the  material 
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proved  to  be  full  of  water,  which  bubbled  up  through  it  and  made  the 
sand  act  much  as  quicksand,  swelling  up  also,  so  for  quite  a  time  no 
gain  in  depth  was  made,  and  it  was  decided  to  drive  piling  to  carry 
the  pier.  This  was  done  by  means  of  leads  swung  from  the  derrick. 
The  jet  was  run  down  into  the  bottom  as  described  in  the  chapter  on 
Jetting  Piles,  the  piles  then  placed  and  driven  home  to  a  penetration 
of  from  25  to  40  feet.  The  coffer-dam  on  this  pier  kept  its  shape  and 
was  easily  kept  dry  by  No.  2  and  No.  3  Emerson  pumps.  After  the 
piles  had  been  driven  and  cut  off,  the  swelled  material  from  the 
driving  was  excavated,  but  as  it  kept  swelling  up,  it  was  finally  decided 
to  concrete  the  base  at  — 19.  At  extreme  high  spring  tides  the  water 
came  in  over  the  top  of  the  sheet-piles  and  work  had  to  be  stopped  for 
part  of  each  day  for  some  days. 

This  is  a  notable  example  of  the  successful  use  of  sheet-piling  to 
an  exceptional  depth,  and  had  the  borings  panned  out  no  trouble 
would  have  been  experienced  on  any  of  the  piers.  Had  the  borings 
indicated  the  real  nature  of  the  material,  metal  sheet-piles  might 
have  been  employed  and  probably  would  have  penetrated  the  hard 
bottom,  and  the  difficulty  have  been  overcome.  The  lesson  to  be 
learned  is  that  any  kind  of  borings,  except  core  borings,  are  unreliable 
and  are  liable  to  be  very  misleading. 

Upon  the  completion  of  pier  No.  3,  work  was  resumed  on  No. 
2.  The  second  line  of  sheeting  of  4X12  planking,  40  feet  long, 
was  driven  and  a  penetration  of  several  feet  more  obtained  than  was 
realized  with  the  original  shect-piiing. 

With  the  exception  of  a  few  small  breaks  during  the  excavation, 
which  were  easily  dosed  by  driving  the  plank  deeper,  or  by  inside 
lagging,  no  trouble  was  had,  and  when  elevation  —18  was  reached, 
the  bottom  was  leveled  off  and  the  concrete  base  poured.  The  sheet- 
piling  was  removed  from  all  the  piers  by  boring  holes  into  it  and 
shooting  off  with  dynamite,  using  two  sticks  to  a  pile. 
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CONSTRUCTION    WITH   SHEET-PILES    (CONTINUED) 

Various  combinations  of  the  sheet-piling  shown  in  Fig.  53  may 
be  made,  when  occasion  demands,  or  modifications  may  be  made 
that  will  perhaps  render  the  available  material  more  effective.  For 
example,  the  form  (g)  may  be  modified  to  the  form  shown  in  Fig. 
ga,  which  has  the  advantage  of  a  wider  lap,  and  should  the  piles  not 
draw  tight  together  in  driving,  no  crack  will  be  left  open  to  admit  the 
water.  Then  the  piles  of  this  form  will  act  as  guides  to  the  ones 
being   driven,   similar    to   the   ordinary    tongue-and-groove   piling. 


sus. 


Fic.  91.— Compound  Sheet-pile. 

Other  combinations  and  arrangements  will  readily  suggest  themselves 
as  necessity  may  demand. 

The  use  of  sheet-piling  is  often  accompanied  by  a  great  deal  of 
trouble  in  securing  tightness,  and  as  a  matter  of  precaution,  the 
very  best  method  possible  should  be  adopted  in  making  the  pilii^. 

The  cofler-dams  constructed  at  Chattanooga  for  the  Walnut 
Street  bridge  over  the  Tennessee  River,  under  Edwin  Thacher,  con- 
sulting engineer,  were  described  in  the  Engineering  News  of  May 
16,  1891. 

Four  piers  were  founded  by  this  method,  but  the  account  of 
pier  No.  2  will  fully  illustrate  the  work.  The  bed-rock,  which  was 
level,  was  covered  by  cemented  sand,  gravel,  and  boulders,  of  which 
320  yards  were  removed.  The  cofTer-dam  was  built  18  feet  high, 
or  8  feet  above  low  water,  to  provide  for  a  future  rise.  The  inside 
was  made  large  enough  to  allow  of  a  space  of  4  feet  all  around  the 
base  of  the  pier,  and  the  space  between  the  sheet-piles  for  a  puddle- 
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chamber  was  made  9  feet.  This  was  filled  to  an  average  of  12  feet 
with  a  day  puddle,  of  which  there  was  900  yards  used.  As  a  protec- 
tion, there  was  placed  outside  the  dam  about  450  yards  of  puddle, 
and  a  breakwater  was  built  up-stream.  About  38,000  feet  of  timber 
was  used  in  the  dam  and  breakwater. 

After  the  dam  was  completed  a  rise  of  30  feet  washed  out  about 
half  the  puddle,  and  one  end  was  crushed  by  a  raft,  but  the  repairs 
were  made  without  serious  trouble.  No  extra  amount  of  pumping 
was  required  on  any  of  this  work  except  pier  No.  3,  where  the  seams 
in  the  bed-rock  required  pumps  with  a  capacity  of  5000  gallons  per 
minute,  and  these  did  not  suffice  to  keep  the  water  down,  until  the 
seams  were  closed  by  laying  sacks  of  concrete  over  them  and  weight- 
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Fio.  93, — CiTArrANOocA  Bridge,  Bed-rock  Pier  No,  3. 


ing  them  down  with  large  stones.  The  location  of  these  seams  is 
shown  in  Fig.  93. 

The  framework  and  wales  for  a  sheet-pile  coffer-dam,  used  in 
founding  the  pier  for  the  Baltimore  Street  bridge  at  Cumberland, 
Md.,  are  shown  in  Fig.  94,  and  this  was  described  in  the  Engineering 
News  of  July  21.  1892,  by  H.  P.  Le  Fevre,  engineer  in  charge.  The 
frame  was  built  in  place  on  two  canal-boats  and  after  completion  was 
suspended  from  the  old  BoUman  truss  which  the  new  bridge  replaced. 

The  depth  of  the  water  was  4  feet,  and  about  6  feet  of  very  loose 
quicksand  and  small  round  pebbles  overlaid  the  hard  bottom. 

After  the  boats  were  removed,  the  frame  was  lowered  to  its  place 
the  sheet-piling  driven,  and  the  dam  pumped  out  with  a  6-inch  pump. 
The  foundation  was  laid  on  the  hard  bottom  under  the  quicksand, 
after  this  had  been  removed. 
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The  grill^e  was  made  of  two  courses  of  isXis-inch  clear  white 
oak,  around  which  was  built  a  framework,  and  the  open  spaces  of 
the  grillage  were  then  filled  with  a  concrete  made  up  of  one  part  of 
Cedar  Cliff  cement  to  two  parts  of  sand  and  four  parts  of  hydraulic 
limestone  broken  to  pass  through  a  2-inch  ring.  Upon  this  were 
laid  the  footing  courses  of  the  masonry. 

Another  ordinary  sheet-pile  coffer-dam  which  gave  good  satis- 
faction was  used  at  the  Sandy  Lake  dam  on  the  Mississippi  River, 
by  Major  W.  A.  Jones,  Corps  of  Engineers,  and  as  the  account  con- 
tains so  much  of  value  it  will  be  quoted  in  fuU  from  the  1894  report 
of  the  Chief  of  Engineers. 

"  The  coffer-dam  is  composed  of  two  rows  of  round  piles,  12 
feet  from  center  to  center  of  piles,  with  the  exception  of  62  feet  of 
the  east  end  of  the  upper  part,  where  they  were  driven  14  feet  from 
center.     The  piles  in  each  row  are  8j  feet  from  center  to  center. 


Fic.  9S' — Sandy  Lake  Coffer-dam. 

cut  off  at  an  elevation  of  1217  feet  above  sea-level  and  capped  with 
i2Xi2-inch  timber.'  The  inside  row  of  sheeting  is  4Xi2-inch, 
and  the  outside  6Xi2-inch  plank.  The  sheeting  is  cut  off  at  an 
elevation  of  1218  feet  above  sea-level,  or  2  feet  below  the  flowage 
line.  One-inch  rods  of  round  iron,  8j  feet  apart,  pass  through  the 
caps  to  prevent  the  filling  from  spreading  the  two  lines  of  sheeting 
at  the  top. 

"  In  May,  1892,  when  a  flood  occurred,  the  outside  of  the  coffer- 
dam was  raised  3  feet  by  splicing  3-inch  planks  to  the  outside  row 
of  sheeting  and  then  filling  the  triangular  prism  thus  formed  with 
earth.  The  cross-section  of  Fig.  95  gives  an  idea  of  the  dam  above 
the  bottom,  while  the  longitudinal  section  shows  the  framing  down 
to  where  it  rests  on  the  bottom,  the  frames  being  joined  by  the  i-inch 
lateral  rods  of  iron. 

"  The  total  length  of  the  coffer-dam  is  829  feet,  of  which  742 
feet  is  like  that  shown  in  cross-section  and  the  other  87  feet  like  that 
shown  in  the  longitudinal  section. 


D.qit.zeaOvGoOt^lc 


CONSTBUCnON  WITH  SHEET-PILES  133 

"  The  nrnnber  of  round  piles  driven  in  the  foundation  is  1605. 
The  driving  was  commenced  on  November  12,  1891,  and  completed 
on  August  21,  1893. 

"  The  material  in  the  foundation  is  sand,  excepting  in  the  lower 
right-hand  comer,  where  there  is  some  blue  clay  overlying  the  sand. 
The  sand  in  the  foimdation  is  not  as  compact  as  it  is  usually  found 
in  the  bed  of  streams.  In  the  south  half  of  the  dam,  the  surface 
settled  from  6  to  4  inches  during  the  driving.  As  the  surface  was 
settling,  the  driving  became  harder  all  the  time.  In  the  north  half, 
which  embraces  the  navigable  pass,  there  was  some  settlement, 
but  it  was  not  as  noticeable  as  in  the  south  half.  The  surface  had 
probably  settled  by  the  jarring  of  the  hammers  while  the  first  half 
was  being  driven.  The  penetration  of  the  piles  is  also  greater  than 
it  usually  is  in  sand  foundations  in  the  bed  of  streams. 

"  The  piles  were  all  of  Norway  pine  and  well  seasoned.  Two 
Mundy  steam  hoisting-engines  were  used  in  driving,  one  a  single- 
cylinder  and  the  other  a  double-cylinder  engine.  In  operating  the 
hanuner  a  J-inch  manila  rope  was  attached  to  the  pin  connecting  the 
lugs  of  the  hammer,  then  passed  over  the  sheave  at  the  top  of  the 
leaders,  and  next  around  the  drum  of  the  hoisting-engine. 

"  When  the  hammer  falls,  it  pulls  the  rope  with  it  and  imwinds 
it  from  the  drum.  This  is  what  is  termed  driving  with  a  '  slack 
line.'  The  blows  are  more  rapid  and  keep  the  material  around 
the  piles  looser  than  it  would  be  in  the  case  of  using  nippers.  Iron 
rings  of  iX2j  inch  Norway  iron  were  used  to  protect  the  head  of 
the  pile. 

"  It  is  a  well-known  fact  in  pile-driving  that  it  is  very  important 
to  keep  the  material  from  settling  around  the  pile,  once  it  has  been 
loosened,  until  the  pile  is  down;  for  when  the  material  has  settled, 
or  even  partially,  the  penetration  is  diminished.  The  greatest  load 
on  a  bearing  pile  is  about  13J  tons. 

"  Sheet-piling  was  driven  by  a  pile-driver,  assisted  by  a  jet  of 
water  from  a  steam  force-pump.  In  driving  all  sheet-piles  a  cast- 
iron  cap  or  follower  was  used  which  fitted  over  the  head  of  the  pile. 
On  the  upper  side  of  the  follower  there  is  a  wooden  block  of  some 
seasoned  or  close-grained  wood  which  receives  the  blow  of  the  ham- 
mer. This  device  saves  the  head  of  the  pile  from  being  battered  or 
splintered,  and  the  pile  can  be  driven  to  a  greater  depth  than  it  could 
be  without  it. 

"  In  first  u^g  the  jet  on  a  sheet-pile,  a  groove  was  made  in  the 
inner  edge  to  receive  a  J-inch  gas-pipe,  which  was  connected  to  the 
force-pump  by  means  of  a  ij-inch  hose.    The  aperture  at  the  lower 
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end  of  the  gas-pipe  was  reduced  to  a  diameter  of  about  f  inch.  The 
water  was  thus  forced  to  the  bottom  of  the  pile  and  the  sand  loosened. 

"This  worked  well  until  the  sheet-pile  struck  gravel,  when  the 
nozzle  of  the  pipe  would  become  battered  or  filled  with  gravel.  The 
pressure  in  the  hose  would  then  burst  a  coupling  somewhere.  Another 
source  of  trouble  was  the  frequent  breakages  in  the  connection  between 
the  pipe  and  the  hose,  on  account  of  the  jarring  of  the  hammer. 
This  plan  after  a  while  was  abandoned  and  the  nozzle  of  the  pipe 
was  thrust  by  hand  under  the  point  of  the  pile.  The  piles  are  driven 
in  the  ground  from  12  to  14  feet." 

The  construction  of  the  Main  Street  bridge  at  Little  Rock,  Ark,, 
involved  the  construction  of  two  coffer-dams,  for  piers  No.  9  and  No. 
6.  This  work  was  done  under  the  direction  of  Edwin  Thacher, 
consulting  ei^ineer,  whose  original  specifications  called  for  pile  founda- 
tions for  these  piers,  the  piles  to  be  driven  to  bed-rock  and  cut  off 
4  feet  below  water,  to  receive  a  grillage  of  i2Xi2-inch  timbers  to 
receive  the  masonry.  The  size  of  the  grillage  being  12  and  13  feet 
wide  by  34  feet  long  and  resting  on  forty-eight  and  sixty  piles  respect- 
ively, the  piles  being  of  good  sound  oak  or  pine  at  least  7  inches 
in  size  at  the  small  end  and  not  less  than  ta  inches  at  the  butt  when 
sawed  off. 

The  coffer-dams  were  constructed,  as  can  be  seen  from  the  view 
in  Fig.  96,  by  driving  guide-piles,  to  the  top  of  which  are  drift-bolted 
square  guide-timbers.  The  sheet-piling  of  3-inch  tongue-and-groove 
stuff  was  driven  against  the  outside  of  this  timber,  and  the  excavation 
banked  up  against  the  outside.  They  gave  excellent  satisfaction 
and  caused  little  trouble,  as  the  water  was  shallow. 

The  piers  were  constructed  of  Portland  cement  concrete,  the 
facing  of  2  inches  thickness  being  a  mortar  of  one  part  cement  to 
two  parts  of  sand,  while  the  balance  was  of  concrete  of  one  part 
cement,  three  parts  sand,  and  six  parts  of  broken  stone. 

Where  sheet-piles  are  to  be  driven  on  rock  bottom  or  through 
earth  or  gravel  to  rock  bottom,  they  should  be  driven  hard  enough 
to  broom  up  and  form  a  close  joint  with  the  rock.  This  has  been 
accomplished  also  by  driving  the  piles  with  a  thin  edge  until  they 
fit  the  rock  bottom,  when  they  are  drawn  and  after  cutting  them  to 
conform  to  the  contour  of  the  rock,  they  are  redriven,  thus  forming 
a  tight  joint.  This  method,  while  very  good,  is  too  expensive  for 
general  adoption. 

The  construction  of  the  piers  for  the  Philadelphia  and  Reading 
Railroad  bridge  over  the  Schuylkill  was  accomplished  by  the  use  of  a 
floating  coffer-dam,  the  foundations  being  laid  upon  the  bed-rock. 
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When  in  position  for  work  the  dam  is  rectangular  in  shape,  62 
feet  long  and  36  feet  wide,  outside  dimensions,  and  16  feet  high. 
Each  side  consists  of  timber  crib-work  10  feet  wide,  making  the  inside 


Fig.  96. — CoFFEB-DAM  and  Concrete  Pier,  LmLE  Rock,  Akk. 

dimen^ons  42'Xi6'.  At  each  comer  there  is  a  movable  timber 
extending  vertically  from  the  bottom  of  the  crib  to  some  distance 
above  the  top.  These  timbers  or  spuds  are  shod  with  iron  on  the 
bottom,  and  serve  to  hold  the  dam  in  position  while  the  sheet-piling 
is  being  driven. 
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The  dam  is  divided  vertically  through  each  short  side  into  two 
equal  parts,  which  can  be  floated  separately  to  any  de^red  position 
and  afterwards  joined  together.  Water-tight  compartments  are  also 
used  to  hold  stone  when  it  is  desired  to  sink  the  cribs. 

When  the  two  sections  are  united  and  placed  in  required  portion 
the  spuds  are  dropped  and  the  crib-work  is  sunk  by  letting  water 
into  the  water-tight  compartments,  and  putting  in  the  necessary 
amount  of  stone. 

Any  irregularity  in  bearing  between  the  bottom  rock  and  the 
bottom  of  the  crib  b  then  corrected  by  a  diver,  who  blocks  up  where 
required.  Close  sheet-piling  of  jointed  plank  3  or  4  inches  thick 
is  then  put  on  the  outside  and  spiked  to  the  cribs.  Fuddle,  composed 
of  clay  and  gravel,  is  then  thrown  around  the  bottom  outside,  and  the 
dam  is  ready  to  be  pumped  out.  When  the  masonry  reached  the 
height  of  the  braces  they  were  taken  out  and  the  dam  was  braced 
against  the  masonrj'. 

The  maximum  depth  of  water  encountered  at  Falls  Bridge  was 
13  feet  at  ordinary  water-level.  Several  freshets  occurred  dtuing 
the  progress  of  the  work  which  did  some  damage  to  the  dam.  At 
one  time,  when  a  dam  was  ready  to  be  pumped  out,  a  rise  in  the 
river  moved  it  down-stream  about  30  feet,  tearing  off  the  sheet-piling. 
It  was  drawn  back  to  place  and  successfully  completed.  To  make 
a  complete  shift  of  the  dam  from  one  pier  to  the  next,  with  a  gang 
of  six  men,  required  about  six  or  eight  days,  divided  as  follows: 
To  take  the  dam  apart  and  reset  it,  about  three  days;  to  sheet-pile, 
about  two  days;  to  puddle,  about  one  day;  and  pumping  out  and 
puddling  meanwhile  required  about  one  to  two  days,  depending  on 
the  amount  of  the  leakage.  At  each  shift,  a  portion  of  the  plank 
sheet-piling,  jaerhaps  10  per  cent.,  had  to  be  replaced  by  new  stuff. 
The  pump  used  was  located  on  a  small  steamboat,  and  was  run  by  a 
steam-engine.  The  amount  of  pumping  required  after  the  dam  was 
once  pumped  out  varied  for  the  different  piers;  some  dams  required 
little  pumping  and  others  a  good  deal.  Only  one  of  the  foundations 
required  much  leveling  off  of  the  river  bed,  and  this  one  also  gave 
considerable  trouble  to  keep  the  water  out,  but  the  leaks  were  finally 
stopped  by  using  gunny  bags  around  them,  the  bags  being  drawn 
into  the  crevices  by  the  force  of  the  water,  thus  holding  the  puddle. 

The  floating  dam  was  used  for  three  piers  in  the  river  channel, 
the  two  piers  near  the  shore  being  put  in  with  ordinary  dams.  The 
floating  dam  is  still  in  good  condiUon  and  could  be  used  again  if  needed. 
The  original  dam,  of  which  the  one  used  at  the  Falls  Bridge  is  an 
enlarged  copy,  was  used  for  twenty-three  or  twenty-four  settings 
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The  foregoing  account  is  taken  from  the  Engineering  News  of 
May  24,  1894,  the  description  being  by  W.  B.  Riegner,  who  states 
also  that  the  cost  of  the  coffei-dam,  including  one  set  of  sheet-piling, 
was  $3000,  while  the  total  cost  for  five  coffer-dams,  including  the 
two  crib  coffer-dams  at  the  sides  of  the  river,  was  $14,000. 

The  subject  of  subaqueous  foundations  has  been  very  fully  treated 
in  a  series  of  lectures  by  W.  R.  Kinipple,  M.  Inst,  C.  E.,  before  the 
Royal  Engineers'  Institute  at  Chatham,  England. 

The  use  of  6-inch  pitch-pine  close  sheeting  was  made  use  of  by 
Tlim  for  a  quay  wall  in  the  harbor  of  St.  Helier,  Jersey.  They  were 
driven  to  rock  or  as  deep  as  possible  with  a  2800-pound  hammer,  and 
the  tops  cut  off  a  few  feet  beneath  half-tide  level,  and  clayey  material 
bank^  up  against  the  outside.  The  bottom  through  which  the 
sheet-piles  were  driven  was  sand  and  clay. 

The  rock  was  laid  bare  to  a  depth  of  as  much  as  13  feet  below  low 
water  and  in  sections  which  contained  about  poo  tons  of  water  to  be 
pumped  out;    this  was  done  with  a   16-inch 
centrifugal  pump  in  about  forty-two  minutes. 

Several  leaks  were  developed  under  the 
piles,  but  they  were  promptly  stopped  by 
"  stock  ramming,"  The  stock  rammer  which 
is  shown  in  Fig.  97  is  3  inches  in  diameter,  3J 
feet  long,  and  banded  top  and  bottom  with 
iron.  A  f-inch  air-hole  is  bored  up  from  its 
foot  a  distance  of  20  to  30  inches,  and  covered 
on  the  bottom  with  a  soleleather  flap,  so  that 
air  is  let  in  and  suction  prevented  as  it  is 
withdrawn.  The  sheet-piles  have  3i-inch  holes 
bored  through  their  sides,  and  cylinders  of  clay 
are  insetted  $"Xg"  long,  similar  to  the  work 
at  Sault  Ste.  Marie.     The  stock  rammer  is  hammer. 

inserted  and  driven  by  mauls  as  far  as  its 
length  will  permit,  when  it  is  drawn  out,  and  other  chaises  inserted 
until  no  more  clay  cein  be  driven,  the  hole  in  the  pile  being  filled 
with  a  wooden  plug. 

The  piers  for  the  Putney  bridge,  over  the  Thames,  were  built 
by  the  same  engineer,  with  single  pile-dams  to  a  great  depth,  by 
using  14-inch  square  piles,  with  elm-wood  tongues,  and  driving 
them  down  through  the  mud  and  clay  to  the  stiff  clay  bottom,  so 
that  practically  water-tight  work  was  secured. 

In  the  construction  of  the  docks  at  Victoria,  British  Columbia, 
he  constructed  a  coffer-dam  500  feet  in  length,  in  a  depth  of  35  feet 
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of  water,  the  bottom  being  of  rock  and  overlaid  in  places  with  sand 
and  shells  several  feet  in  thickness.  At  the  center  the  sand  and 
shells  overlaid  a  bed  of  clay. 

Three  rows  of  close  12  X  12-inch  Fheet-piling  were  driven  with 
two  puddle-chambers  of  7  feet  each  between.  The  guide-piles  were 
15X15  inches  and  the  wales  were  12X12  inches. 

Where  the  dam  rested  on  rock  at  the  ends,  heavy  shoes  were 
used  on  the  piles  and  concrete  deposited  around  their  feet  to  make 
the  work  water-tight.  This  dam  was  completed  in  October,  1879, 
and  remained  thoroughly  tight  until  the  dock  was  completed  over 
seven  years  later. 

The  arch  bridge  at  Topeka,  Kansas,  over  the  Kaw  River,  which 
is  being  constructed  on  the  Melan  system,  of  concrete  and  steel, 
by  Keepers  and  Thacher,  the  designing  engineers,  is  a  most  interest- 
ing piece  of  work.  The  coffer-dams  were  required  by  the  specifica- 
tions to  be  water-tight,  and  to  effect  this  4X  12-inch  tongue-and- 
groove  sheet-piling  was  used.  The  size  of  the  coffer-dam  for  pier 
No.  4  was  18X55  ^^^t  in  the  clear  (Fig,  98)  and  the*  piling  was  driven 
about  16  feet  into  the  sand  bottom  or  22  feet  below  low  water.  The 
driving  was  done  by  a  1600-pound  hammer  with  36  feet  leads,  the 
power  being  furnished  by  a  15-H.P,  hoisting-engine. 

No  puddle  was  used  around  the  outside  except  to  stop  leaks, 
and  the  dam  was  kept  dear  of  water  with  a  No.  6  Special  Van  Wie 
sand-pump.  The  capacity  of  the  pump  was  1500  gallons  per  minute 
of  water,  and  from  60  to  80  yards  of  sand  per  hour.  It  was  operated 
with  a  15-H.P.  engine.  The  other  piers  were  handled  in  a  similar 
manner  and  with  no  particular  trouble. 

The  growing  scarcity  of  timber  will  doubtless  lead  to  the 
^elusive  use  of  metal  at  some  time  in  the  future,  to  replace  sheet- 
piling  for  coffer-dams,  but  where  timber  is  abundant  and  reasonable 
care  is  exercised  in  its  use,  it  will  continue  to  be  of  great  service  in 
obtaining  foundations  by  this  method. 

The  following  account  of  the  construction  and  failure  of  the 
coffer-dam  at  Dam  No.  48  on  the  Ohio  River  is  taken  from  the 
account  by  J.  C.  Oakes,  Maj.  Corps  of  Engineers,  in  Professional 
Memoirs. 

"  Of  the  fifty-four  dams  proposed  for  the  canalization  of  the  Ohio 
River  all  of  those  constructed  up  to  the  present  time,  except  No, 
37  below  Cincinnati  and  41  at  Louisville,  have  been  constructed  in 
the  upper  300  miles  of  the  river  above  the  mouth  of  the  Big  Sandy. 
One  dam,  No,  29,  is  now  under  construction  just  above  Ashland  at 
mile  320,  and  contracts  have  been  let  and  coffer-dam  constructed  for 
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locks  and  dams  No.  31  at  mile  358}  and  No.  48  at  mile  804^,  or  6 
miles  below  Henderson,  Ky. 

"  All  of  the  dams  thus  far  built  or  contracted  for,  except  No.  48, 
have  fairly  firm  foundations,  most  of  them  being  on  rock  and  a  few 
on  gravel.  The  material  at  all  lock  sites  above  Louisville  is  supposed 
to  be  of  a  character  that  will  not  be  easily  eroded  by  the  current,  so 
that  up  to  the  present  time  no  special  precautions  have  had  to  be  taken 
for  protection  of  coffer-dams  during  construction  or  for  protection 
of  the  works  against  undermining  by  the  current  after  completion 
and  during  operation. 


Fig,  58. — ToPEKA  Bui>oK,  Cotfeb-dam  No.  4. 
"  A  "  shows  puddle  to  slop  leak. 

"  Below  Louisville,  however,  a  totally  different  type  of  founda- 
tion is  encountered.  In  the  thirteen  dams  to  he  constructed  in  the 
lower  400  miles  of  the  river,  rock  is  found  at  the  sites  of  only  three; 
elsewhere  foundations  are  fine  sand  and  silt,  so  fine  that  the  bottom 
changes  with  every  stage  of  the  river.  This  fact  has  caused  consider- 
able anxiety,  not  only  with  reference  to  the  planning  of  the  works 
to  insure  stability  after  completion,  but  particularly  with  reference 
to  the  danger  to  the  coffer-dams  and  erosion  of  the  bed  of  the  river 
during  the  period  of  construction.  It  has  been  openly  affirmed  by 
some  of  the  contractors  who  have  had  experience  on  the  Ohio  River 
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that  it  would  be  impossible  to  construct  coffer-dams  in  the  shifting 
sands  of  the  lower  river  that  would  remain  during  the  period  of  con -■ 
strucrion,  and,  second,  that  if  constructed,  they  could  not  be  made 
suflSdently  impervious  against  seepage  to  withstand  the  ordinary 
pressure  heads,  and  that  they  could  not  be  pumped  out  sufficiently 
to  enable  the  work  to  proceed. 

"  Bids  were  opened  in  this  office  for  the  construction  of  No.  48 
on  September  7,  1911,  and  it  was  found  that  only  one  bidder  had 
sufficient  confidence  to  offer  to  do  the  work.  On  October  11,  1912. 
bids  were  to  be  opened  for  the  construction  of  Dam  No.  43,  but  no 
bids  were  received.  The  contract  for  No.  48  was  finally  awarded 
to  the  only  bidder,  The  Ohio  River  Contract  Company^  and  during 
the  past  season  the  coffer-dam  surrounding  the  lock,  enclosing  an  area 
of  20  acres,  has  been  constructed,  pumped  out,  and  the  round  piles 
under  the  river  wall  driven.  Work  was  shut  down  for  the  winter 
on  December  31,  1912,  and  during  January,  1913,  this  work  was 
submerged  by  one  of  the  worst  floods  of  record  at  that  site,  high 
water  reaching  an  elevation  of  371,  which  is  within  2  feet  of  record 
high  water.  No  particular  damage  has  been  done  the  coffer  and  it 
is  expected  that  it  will  be  in  as  good  condition  next  season  as  is  usual 
at  other  sites  after  the  winter  floods.  It  has  therefore  been  proven 
that  safe  coffer-dams  caji  be  constructed,  maintained,  and  pumped 
out  without  undue  trouble  at  the  sites  in  question  as  well  as  in 
other  parts  of  the  river  where  better  foundations  exist.* 

"  It  is  believed  that  a  short  description  of  the  work  and  type  of 
coffer  will  be  of  interest  to  the  members  of  the  Corps  of  Engineers  and 
also  to  contractors  who  might  be  desirous  of  bidding  on  future  work 
in  this  section  of  the  river. 

"  At  the  site  selected  for  dam  No,  48,  the  width  between  low  water 
lines  is  1600  feet;  between  20-foot  contours,  3100  feet.  The  lock 
is  to  be  located  on  the  convex  shore  of  a  bend  in  the  river,  the  radius 
of  which  is  approximately  4000  feet.  Low  water  is  at  elevation 
325  (Sandy  Hook  datum),  with  high  water  (1884)  at  373.  The 
flood  of  January,  1913,  at  this  site  almost  equaled  that  of  1884,  reach- 
ing an  elevation  of  371.0.  The  lock  is  to  be  constructed  on  the  Indiana 
side  where  the  general  level  of  the  banks  is  at  elevation  360.  On 
the  Kentucky  side  the  bank  is  somewhat  higher,  being  approximately 
at  380.  The  river  wall  of  the  lock  is  to  be  approximately  along  the 
line  of  low  water,  which  places  that  wall  some  700  feet  from  the  con- 
tour of  the  bank  corresponding  to  that  of  the  elevation  of  the  top  of 

*Sk  pages  iramediBtely  foHowing  for  an  account  oE  the  failure  o[  this  coffer-dam. 
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the  walls.  The  teireplein  between  gate  recesses  is  to  be  connected 
with  the  river  bank  by  a  causeway  or  dike  at  a  general  elevation  of 
the  top  of  the  land  wall. 

"  The  lock  is  the  standard  size  adopted  for  the  river,  600  by  no 
feet,  with  lift  of  9  feet.  The  dam  is  to  have  a  navigable  pass  800 
feet  wide  with  Chanoine  wickets  16  feet  5  inches  long;  a  Chanoine 
weir  600  feet  wide,  wickets  11  feet  9  inches  long,  and  a  permanent 
weir  890  feet  long,  the  elevation  of  whose  crest  is  to  be  i  foot  below 
upper  pool,  or  337.  Upper  pool  is  at  338,  lower  pool  329,  top  of  river 
wall  341,  and  top  of  land  wall  343. 

"  The  material  found  at  the  site  is  a  fine  sand  and  silt  intimately 
mixed,  with  an  occasional  pocket  or  very  fine  gravel.  In  driving  a 
few  long  piles  to  a  depth  of  47  feet  below  low  water  some  difficulty 
was  experienced  and  it  is  supposed  that  a  layer  of  gravel  was  encoun- 
tered, but  no  borings  have  been  taken  to  verify  this.  This  material 
when  quite  dry  or  when  entirely  submerged  in  still  water  stands 
at  about  the  slope  of  2  on  3,  but  any  movement  of  water  either  through 
it  or  over  it  rapidly  flattens  such  slope  to  about  i  in  20.  For  this 
reason  the  coffer-dam  was  kept  150  feet  away  from  the  walls. 

"  Owing  to  the  distance  of  the  lock  from  the  shore  and  the  neces- 
sary contraction  of  the  river,  it  was  thought  inadvisable  to  include 
any  of  the  navigable  pass  in  the  first  coffer-dam,  which  was  built 
therefore  to  inclose  only  the  lock  with  arms  extending  to  the  bank. 
The  area  inclosed  is  about  20  acres.  It  is  feared  that  this  reduction 
of  "the  cross-section  of  the  stream  will  cause  considerable  erosiod,  and 
it  may  happen  that  the  bed  of  the  river  will  be  so  greatly  chained  as 
to  make  it  necessary  to  raise  the  bed  before  it  will  be  pos^ble  to 
construct  the  dam  as  plaimed. 

"  The  type  of  coffer  (Fig.  99)  is  that  known  as  the  Ohio  River  box 
type,  built  20  feet  above  low  water  and  20  feet  thick  for  the  greater 
part  of  its  length;  it  consists  of  two  rows  of  sheet  piles  20  feet  apart, 
tied  together  by  steel  rods  varying  in  diameter  from  5  inch  at  the  top 
to  ij  inch  at  the  bottom,  held  apart  by  separators  and  held  together 
by  wales  on  the  outside  6  by  6  inches  at  the  top,  varying  to  10  by  10 
inches  at  the  bottom.  The  space  between  the  rows  of  sheeting  was 
filled  with  sand  removed  from  within  the  coffer  by  a  lo-inch  suction 
dredge,  the  material  being  excavated  from  the  lock  site.  The  sides 
of  the  coffer  were  carried  into  the  bank,  the  to'p  being  of  uniform 
elevation  20  feet  above  low  water,  To  increase  the  stability  of  the 
coffer  and  decrease  seepage  a  line  of  7  by  12-inch  triple-lap  sheet 
piles,  Wakefield,  26  feet  long,  was  driven  outside  of  and  around  the 
coffer  and  bolted  to  it. 
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'  No  spedal  difficulty  occurred  during  the  construction  of  the 
coffer,  and  seepage  through 
the  coffer  wag  easily  controlled 
by  three  15-inch  pumps 
placed  on  a  pump  boat  resting 
on  piles  near  the  front  of  and 
discharging  over  the  coffer. 
Some  difficulty  was  met  in 
the  extension  of  the  upper 
arm,  owing  t<J  the  fact  that 
the  river  rose  at  a  critical 
period  and  the  pile-driving 
and  pladng  of  skeleton  of  the 
coffer  was  carried  on  in  water 
as  deep  as  17  feet.  As  this 
coffer-dam  extends  some  700 
feet  from  the  bank  at  this 
stage  there  was,  of  course,  a 
very  serious  current  around 
the  end,  and  extraordinary 
means  had  to  be  taken  to 
protect  the  end  of  the  coffer. 
Round  piles  with  brush  be- 
tween them  weighted  down 
by  sand  bags  and  rock  were 
used,  and  after  the  comer 
was  turned  a  pile  of  riprap 
was  placed  to  protect  it 
permanently  against  current 
and  ice.  The  banking  along 
the  front  of  the  coffer  was 
protected  by  several  masses 
of  rock  forming  short  spur 
dikes  to  prevent  a  racing 
current  alongside  the  dike 
and  the  whole  length  of  bank- 
ing was  covered  with  gravel. 
This  gravel  was  fine,  the 
largest  particles  being  not 
more  than  one-half  to  three- 
fourths  of  an  inch  in  diameter, 
and  some  of  the  material  was  practically  nothing  but  coarse  sand. 
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In  my  opinion,  this  gravel  is  much  too  fine  for  tbe  purpose  intended 
and  the  contractor  was  so  noUiied.  He  feels,  however,  confident 
that  it  will  serve  its  purpose,  and  it  will  be  very  interesting  to  see 
whether  his  belief  is  justified. 

"  The  greatest  trouble  met  in  the  unwatering  of  the  coffer  was  in 
protecting  the  banking  against  the  inside  of  the  coffer  from  under- 
mining by  seepage  and  drainage  water.  Wherever  there  was  Sowing 
water  the  sand  was  eroded  and  the  banking  gradually  sloped  until 
it  was  almost  flat.  To  prevent  this,  sandbags  were  used  freely,  and 
practically  the  whole  caving  surface  was  covered  with  the  same  kind 
of  gravel  as  that  used  on  the  outside.  For  this  protection  this  gravel 
was  very  suitable,  and  as  soon  as  the  sand  was  covered  by  a  thin 
layer  further  erosion  did  not  take  place,  and  the  banks  remained 
with  a  slope  of  about  2  on  3. 

■  "  It  is  believed  that  the  Wakefield  sheet  piling  driven  around 
the  coffer  were  not  used  to  the  best  advantage.  These  piles  should 
have  been  driven  deeper,  so  as  not  to  overlap  the  coffer  sheeting  over 
5  feet,  instead  of  about  13  feet  as  actually  driven,  and  should  have 
been  driven  close  to  the  coffer.  The  driving  of  a  great  part  of  the 
Wakefield  piles  occurred  at  medium  stages  of  the  river  (10  to  17  feet) 
with  the  result  that  the  driving  was  poorly  done,  and  this  sheeting 
is  not  as  tight  as  it  should  have  been.  The  contractor  was  unable 
to  find  men  who  had  adequate  experience  in  driving  piles  in  sand  with 
the  use  of  a  jet.  Both  in  the  case  of  the  sheet-piles  and  the  round 
piles  under  the  river  wall  the  pile-drivers  did  not  accomplish  more 
than  50  per  cent  of  what  they  should  have  accomplished.  This  was 
due  in  part  to  lack  of  experience,  but  also  in  part  to  improper  pumps, 
hose,  and  jets-  Up  to  the  end  of  the  season  the  greatest  number  of 
round  piles,  30  feet  long,  driven  by  one  pile-driver  in  one  day  was 
31.  While  the  jet  was  used  it  is  very  doubtful  whether  any  benefit 
was  obtained,  owing  to  lack  of  pressure  at  the  nozzle. 

"  Tlie  contractor's  attention  has  been  called  to  these  defects, 
and  preparations  are  being  made  to  provide  the  pile-drivers  with 
proper  jet  apparatus,  and  it  is  believed  that  when  he  begins  to 
drive  next  season  each  pile-driver  will  drive  from  80  to  100  piles 
per  day. 

"  The  use  of  a  pump  boat  with  all  of  the  pumps  concentrated,  the 
boat  resting  on  piles  as  the  water  lowers,  has  been  excellent,  and  it 
is  believed  is  very  economical  and  much  preferable  to  other  methods 
commonly  used.  When  the  coffer  is  flooded  the  boats  are  simply 
disconnected  from  the  discharge  pipes,  their  suctions  raised,  and  they 
are  floated  out  of  the  coffer  through  the  passway.    This  furnishes  a 
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very  simple  and  economical  manner  of  removing  and  placing  the 
pumping  apparatus. 

"  This  being  the  first  coffer  to  be  placed  on  sand  foundations  in 
the  Ohio  River,  the  contractors  have  taken  very  great  care  to  use  the 
best  material  and  to  make  everything  as  secure  as  possible.  It  is 
possible  that  in  future  coffer-dams  some  of  the  measures  adopted  in 
this  case  may  be  found  to  be  unnecessary  and  the  cost  of  the  coffer- 
dams materially  reduced. 

"  The  following  is  an  extract  of  a  report  of  the  Government  inspec- 
tor in  charge  of  the  work,  Junior  Engineer  Edward  H.  West,  in  which 
the  work  is  described  in  fuller  detail:  .  .  . 

"  The  coffer,  both  inside  and  out,  is  heavily  banked  with  sand.  A 
typical  cross-section  is  shown  on  Fig.  loi.  Plans  were  closely  followed 
in  construction,  the  only  exceptions  being  as  follows:  For  a  distance 
of  670  feet  from  the  land  end  of  the  up-stream  wing  and  520  feet  from 
the  land  end  of  the  down-stream  wing,  tie-rods  were  spaced  8  feet  on 
centers  instead  of  6  feet  on  centers;  in  some  portions  of  the  coffer, 
instead  of  2  by  12-inch  deck  joists  spaced  24  inches  on  centers,  2  by 
10-inch  joists  were  used,  spaced  16^  inches  on  centers,  and  in  a  short 
portion  of  the  river  arm  2  by  lo-inch  joists  18  inches  on  centers  were 
used.  The  sheet  piles  were  driven  from  a  floating  pile-driver,  and  at 
times  the  river  was  too  high  to  permit  the  piles  to  be  driven  to  the 
proper  depth;  consequently,  such  piles  do  not  have  quite  the  penetra- 
tion intended,  the  maximum  difference  between  actual  and  intended 
penetration  being  about  3  feet;  at  the  up-stream  outer  comer  the 
length  of  a  number  of  sheet-piles  was  increased  to  3  2  feet  for  additional 
safety  at  the  point  of  supposed  greatest  weakness;  at  this  comer 
about  fifty  round  piles  were  driven  as  shown  on  Fig.  loi;  the  area 
inclosed  within  them  was  filled  with  brush  weighted  with  sandbags. 
Afterward  the  entire  comer  was  protected  with  derrick-stone  piled 
as  high  as  the  top  of  the  coffer.  The  lower  outer  comer  was  also 
protected  by  derrick  stone  and  several  stone  dikes  were  built  along 
the  river  side. 

"On  June  20,  1912,  the  line  of  sheet-piles  was  commenced, 
beginning  at  a  point  250  feet  from  the  land  end  of  the  upper  wing, 
and  piles  were  driven  on  fifty-six  days,  an  average  of  40  piles  per 
day.  On  a  number  of  these  days,  however,  two  pile-drivers  worked, 
the  average  number  of  piles  per  day  for  one  driver  being  not  more 
than  30.  These  sheet-piles  were  driven  rather  carelessly,  making 
alignment  poor,  and  leaving  the  joints  not  very  tight.  Better  progress 
could  have  been  made  in  driving  them,  but  as  it  was  only  necessary 
to  keep  ahead  of  the  coffer  skeleton  no  great  effort  was  made  to  pudi 
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the  pile-dm-ing.  After  the  driving  of  sheet-piles  had  been  begun, 
trenches  about  2  feet  deep  and  20  feet  apart  were  dug  parallel  to  the 
sheet-piles.  In  these  a  skeleton  was  erected  consisting  of  wales  and 
those  pieces  of  sheeting  through  which  the  tie-rods  passed,  the 
sheeting  being  driven  about  2  feet  into  the  sand.  All  wales  were 
scarfed  for  2  feet  at  both  ends  and  holes  bored  for  tie-rods  through 
the  center  of  the  scarf.  Where  the  spacing  of  tie-rods  was  8  feet 
18-foot  timbers  were  used  for  wales,  and  where  the  spacing  was  6 
feet  20-foot  wales  were  used,  thus  allowing  a  lap  of  2  feet  at  each  end. 
At  each  tie-rod  a  temporary  separator  perpendicular  to  the  wales 
and  20  feet  long  was  placed  and  the  nuts  on  the  rod  tightened.  The 
remainder  of  the  sheeting  was  then  driven  and  after  the  proper  cut-off 

AmuniosSectlowS.SATtliboiRi,  SECTION  7  SECTION  » 


Fig.  100. — Method  ot  Extending  10-rooT  Coffek-dam.    Lock  and  Dau  No.  48. 

elevation  had  been  marked  the  ribbing  strips  were  spiked  on  and  the 
sheeting  cut  ofT  to  grade.  Cracks  between  adjacent  pieces  of 
sheeting  were  closed  by  i  X^-inch  battens  nailed  on  the  inside.  When 
the  coffer  had  been  extended  into  water  so  deep  as  to  prevent  further 
work  from  land  the  skeleton  was  bolted  together  on  a  small  barge, 
one  section  at  a  time,  and  as  each  section  was  completed  it  was  lifted 
by  a  derrick  boat  until  the  barge  could  be  moved  forward,  when  it 
was  lowered  into  the  water  (Fig.  100).  Sheeting  was  then  driven  by 
men  standing  on  the  wales.  Throughout  the  construction  two  gangs 
of  carpenters  worked;  at  times  each  gang  extended  both  skeleton 
and  sheeting,  but  better  progress  was  made  when  one  gang  worked 
on  skeleton  only  and  the  other  followed  up  with  sheeting.  Each 
gang  contained  at  different  times  from  ten  to  twenty  men;  it  was 
found   that  not  more   than    twenty   men   could   work   together   to 
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advantage.  In  general,  it  may  be  said  that  the  rate  of  progress 
depended  upon  the  rapidity  with  which  the  skeleton  was  advanced, 
no  difficulty  being  experienced  in  keeping  close  up  with  the  other 
work.  As  a  matter  of  fact,  sheeting  was  frequently  delayed  in  order 
that  the  skeleton  might  be  extended.  During  the  season  the  skeleton 
was  actually  extended  on  about  seventy-one  days,  an  average  of  38 
feet  per  day;  this  value  corresponds  to  two  wale  lengths,  either  36 
or  40  feet,  depending  on  the  length  of  the  wales  being  used;  it  was 
noted  in  the  field  that  two  wale  lengths  constituted  an  average 
day's  work.  Sheeting  was  actually  driven  on  fifty-three  days,  an 
average  of  52  feet  per  day  (double  row)  from  a  minimum  of  10  feet 
to  a  maximum  of  103  feet,  but  on  a  great  many  days  on  which 
sheeting  was  driven  much  other  work  was  done  by  the  same  gang 
and  the  above  values  are  not  reliable  for  progress  estimates.  It  is 
believed  that  one  gang  can  extend  a  double  row  of  sheeting  100  feet 
per  day.  The  extension  of  skeleton  may  be  assumed  to  be  work 
accomplished  by  a  single  shift,  since  night  work  on  this  portion  of 
the  coffer  is  negligible;  sheeting,  however,  was  driven  quite  satis- 
factorily at  night.  After  the  sheeting  had  been  cut  off  to  proper 
elevation,  the  deck  joists  were  laid  and  spiked  to  the  ribbing  strips. 
This  having  been  done,  the  discharge  pipe  of  the  lo-inch  suction 
dredge  was  moved  into  position  and  the  sheeted  portion  of  the  coffer 
filled  with  sand  taken,  if  possible,  from  the  "  pay  excavation  " 
for  the  lock  walls.  Bulkheads  across  the  coffer  were  built  at  con- 
venient intervals  as  the  construction  advanced.  As  the  coffer 
filled,  the  separators  were  removed  and  afterward  used  again.  At 
first,  a  long  trough  built  on  top  of  the  deck  joists  of  rough  lumber, 
on  a  grade  of  i  per  cent.,  was  used  for  distributing  the  sand,  but 
it  proved  to  be  verj'  inefficient  and  was  discarded;  subsequently 
the  desired  distribution  was  accomplished  by  moving  the  end  of  the 
discharge  pipe.  Short  time  tests  of  the  suction  dredge  showed  that 
it  could  place  100  cubic  yards  of  fill  per  hour,  through  300  feet  of 
discharge  pipe,  maximum  lift  20  feet.  It  handled  a  total  of  about 
100,000  cubic  yards  of  material.  The  coffer  contains  only  about 
40,500  cubic  yards;  the  remainder  was  used  for  banking.  Of  the 
total  excavation  made,  about  50  per  cent,  was  within  the  specified 
limits  of  "  pay  excavation."  As  ^own  on  Fig.  100,  a  flooding  sluice 
was  built  in  the  lower  wing  and  a  passway  for  removing  boats,  etc., 
was  also  left  in  the  lower  wing.  Discharge  sluices  and  coal  tracks 
were  constructed  in  the  river  side  near  the  crest  line  of  the  dam. 
A  layer  of  fine  gravel  was  spread  over  the  whole  river  side  of  the 
coffer-banking  to  prevent  scour  as  much  as  possible.    It  is  believed 
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that  the  one  flooding  sluice  will  be  all  that  is  necessary,  unless  very 
extraordinary  conditions  arise;  in  flooding  the  coffer  when  the  river 
is  near  its  top  and  too  great  a  volume  of  water  entering  would  endanger 
the  permanent  work,  it  is  intended  to  place  blocks  behind  alternate 
needles,  as  is  often  done  in  regulating  poob  above  needle  dams.  In 
the  event  that  this  scheme  should  fail  to  pass  a  sufficient  quantity 
of  water  to  fill  the  coffer  before  it  is  topped  by  a  rise,  it  is  intended  to 
use  the  passway  as  an  emergency  opening  after  constructing  a  tem- 
porary sluiceway. 

"  The  tongue-pieces  for  sheet-piles  were  dressed  in  the  contractor's 
planing  mill,  as  was  all  material  requiring  finish,  such  as  sheeting  for 
sluiceways,  needles  for  closing  sluices  and  passway,  etc.  Two  pile- 
drivers  were  used  during  the  season,  both  mounted  on  decked  barges, 
with  cabins.  One  barge  was  20X50X4  feet  (No.  30),  drawing 
25  inches,  and  the  other  (No.  29)  22X60X5  feet,  drawing  25  inches. 
On  No.  30  was  one  40-horse-power  locomotive-firebox  portable  boiler, 
made  by  the  Brownell  Company,  Dayton,  Ohio;  one  two-drum 
hoisting  engine  with  four  winch-heads,  made  by  the  American 
Hoist  and  Derrick  Company,  cylinder  diameter  7  inches,  length  of 
stroke  10  inches,  rated  horse-power  20;  the  hammer  was  a  No.  2 
steam-hanuner,  made  by  the  Vulcan  Iron  Works,  Chicago,  weight 
of  moving  parts  3000  pounds,  gross  weight  6500  pounds,  strokes 
per  minute  60;  the  make  or  size  of  the  pump  is  not  known,  but  its 
indicated  pressure  varied  from  80  to  110  pounds;  the  pressure  at  the 
jet  is  unknown,  but  pressure  loss  between  pump  and  jet  was  consider- 
able; the  jet  was  a  a-inch  pipe  reduced  to  ij  inches  at  the  nozzle. 
On  No.  29  was  one  60-horse-power  locomotive-firebox  portable  boiler, 
made  by  the  Brownell  Company;  one  nondescript  engine  on  Lidger- 
wood  base  with  two  winch  heads,  cylinder  diameter  6j  inches; 
length  of  stroke,  8  inches;  horse-power,  12,  The  hammer  was  a 
No.  3  steam  hammer  made  by  the  Vulcan  Iron  Works;  weight  of 
moving  parts,  1800  pounds;  gross  weight,  3800  pounds;  niunber 
of  strokes  per  minute,  60;  a  McGowan  pump  supplied  water  to  the 
jet  at  about  90  pounds  pressure,  as  indicated  at  pump,  but  it  is  believed 
that  the  greater  part  of  this  was  lost  before  reaching  the  nozzle; 
the  jet  was  a  2-inch  pipe,  reduced  at  nozzle  to  ij  indies.  At  dif- 
ferent times,  three  derrick  boats  were  used;  two  of  these  were  identi- 
cal, having  been  recently  built  for  this  contract;  the  third.  No.  31, 
was  an  old  boat,  quite  inefficient  and  nearly  worn  out.  Nos.  33  and 
34  were  built  on  hulls  34X66X4  feet  9  inches,  drawing  about  20 
inches;  the  cabins  are  28X28  feet.  The  one  boiler  on  each  boat  is 
a  locomotive-firebox  portable  boiler,  40-horse-power,  made  by  the 
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Houston-StanwDod  &  Gamble  Company,  of  CiDdnna.ti;  each  engine 
a  so-horse-power  three-drum  tandem  engine  for  derrick  boats, 
built  by  the  Lidgerwood  Manufacturing  Company,  cylinder  diam- 
eter, lo  inches;  length  of  stroke,  12  inches;  drums,  16X24  inches; 
the  swinging  engine  is  a  6-horse-power  Lidgerwood,  cylinder  diameter 

5  inches,  length  of  stroke  6  inches.  The  fittings  were  made  by  the 
American  Hoist  and  Derrick  Company.  The  boom  is  65  feet  long 
and  the  mast  36  feet.  Each  boat  has  three  spuds.  All  excavation, 
banking,  and  filling  was  done  by  a  suction  dre(^e;  hull,  22X100X5 
feet  6  inches,  drawing  24  inches,  with  one  spud  at  the  suction  end. 
The  two  boilers  are  each  6o-horse-power,  built  by  the  Houston- 
Stanwood  &  Gamble  Company;  one  engine,  loo-horse-power,  built 
by  the  same  company;  cylinder  diameter,  15  inches;  length  of 
stroke,  30  inches.  The  pump  is  a  lo-inch  centrifugal  sand-pump, 
belt  driven,  made  by  the  Morris  Machine  Works,  Baldwinsville. 
N.  Y.,  with  lo-inch  suction  and  12-inch  discharge  pipes.  For  pump- 
ing out  the  coffer  two-pump  boats  were  available;  one,  built  espe- 
cially for  the  purpose,  contains,  on  a  hull  36X106X5  feet  6  inches, 
three  loo-horse-power  boilers,  made  by  the  Houston-Stanwood  & 
Gamble  Company;  three  loo-horse-power  engines  built  by  the 
same  company;  cylinder  diameter,  15  inches;  length  of  stroke, 
20  indies;  and  three  15-inch  centrifugal  pumps,  belt  driven,  made 
by  the  Morris  Machine  Works,  and  having  18-inch  suction  and  15- 
inch  discharge  pipes.  The  boilers  consumed  330  bushels  of  coal 
per  twenty-four  hours  during  a  run  of  eighteen  days,  and  each 
pump,  dischai^g  26  feet  above  water  surface,  handled  8000  gallons 
per  minute.  The  old  pump  boat  has  never  been  used  on  this  con- 
tract; it  contains  two  Brownell  boilers,  60-horse-power  each;  one 
engine,  made  by  Charles  Barnes  &  Company,  Cincinnati,  cylinder 
diameter,  15  inches;  length  of  stroke,  18  inches;  one  engine,  built 
by  the  Nagle  Engine  an  Boiler  Works,  Erie,  Pa.,  cylinder  diameter, 
12  inches;  length  of  stroke,  16  inches.  Both  centrifugal  pumps 
were  built  by  the  Morris  Machine  Works,  Baldwinsville,  N,  Y.; 
one  is  a  15-inch  pump  and  the  other  an  8-inch  sand  pump,  both 
belt-driven.  The  floating  machine  shop  contains  a  lathe  made  by 
the  Hamilton  Machine  Tool  Co.,  Hamilton,  Ohio;  a  pipe-threading 
machine  made  by  the  Merrell  Manufacturing  Company,  Toledo, 
Ohio;  a  pipe-threading  machine  and  a  drill-press  made  by  Davis 

6  Egan,  Cincinnati,  Ohio;  and  a  hand-made  forge. 

"The  coffer-dam  was  closed  November  12,  1912,  and  a  typical 
cross-section  of  river  side  is  shown  on  Fig.  101.  Inside  were  left  both 
pump  boats;    the  old  derrick  boat  for  use  as  a  clam-shell  dredge; 
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and  both  pile-drivers.  A  temporary  sluiceway  was  constructed, 
discharging  through  the  passway,  and  a  coal  track  was  buiit  to  supply 
fuel  to  the  new  pump  boat  Um:le  Joe,  which  was  temporarily  located 
over  the  hole  excavated  for  the  lower  gate  track  and  recess.  It  was 
intended  to  piunp  down  low  enough  to  enable  the  pile-drivers  to 
drive  126  piles  for  supporting  the  pump  boats  in  their  permanent 
locations.  Pumping  was  begun  on  Friday,  November  15,  1912,  at 
2  PM.  and  was  continued  until  Saturday,  November  16,  1912,  at 
3:10  P.M.,  when  the  mouth  of  the  discharge  sluice  was  covered  by  the 
rising  river  and  it  became  necessary  to  stop  the  pumps.  On  Thursday, 
November  21,  the  river  had  fallen  sufficiently  to  begin  pumping  and 
the  pumps  were  started  at  9:15  a.m.  and  ran  continuously  until 
the  piles  for  pump-boat  foundations  were  driven  and  capped.  Gages 
had  been  set  inside  and  outside  the  coffer  and  an  inspector  was  kept 
on  the  pump  boat  continuously  during  the  first  pumping.  The  slope 
of  the  discharge  water  was  measured  in  the  sluiceway  by  a  series 
of  small  gages  set  before  pumping  commenced,  and  the  actual  dis- 
charge while  the  pumps  were  making  350  revolutions  per  minute 
was  computed  by  Kutter's  formula,  using  a  coefficient  of  rugosity  of 
.009,  and  foimd  to  be  24,000  gallons  per  minute  for  three  pumps. 
An  attempt  was  made  to  obtain  more  or  less  accurate  estimates  of 
the  seepage  through  the  coffer-dam  at  different  heads.  Since  the 
pump-boat  was  floating  the  vertical  distance  from  water  surface  to 
center  line  of  discharge  pipes  did  not  vary  and  the  discharge  was 
assumed  as  constant  at  480,000  gallons  per  pump-hour  as  measured. 
The  inside  gage  was  read  as  closely  as  was  possible  (to  hundredths 
of  a  foot)  and  recorded  hourly  and  a  careful  record  kept  of  the  actual 
number  of  pump-hours  run.  The  outside  gage  was  read  at  8  A.M., 
12  u.,  and  4  P.M.,  and  the  river  stage  at  other  hours  could  readily 
be  estimated.  From  the  readings  of  these  two  gages  the  head  on 
the  coffer  at  any  time  could  be  computed.  A  careful  survey  Imd 
beoi  made  of  the  interior  of  the  coffer  by  soundings  on  October  31; 
from  the  data  obtained  by  this  survey  a  contour  map  was  plotted  on  a 
scale  of  1  inch  equal  40  feet,  contour  interval  i  foot,  and  areas  were 
measured  by  planimeter  at  each  foot  of  elevation  through  the  probable 
range  of  water  surface  during  pumping.  The  area  of  water  surface 
at  each  hour  was  obtained  by  interpolation  and  the  amount  by  which 
the  water  content  of  the  coffer  was  reduced  was  computed  by  average 
end  areas;  the  seepage  during  each  hour  was  taken  as  the  difference 
between  the  amount  of  water  handled  by  the  pumps  and  the  amount 
by  which  the  coffer  content  was  reduced.    For  example: 
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35^.380 
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" 

33' A3 
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"  It  was  impossible  to  read  the  inside  gage  closely  enough  to  make 
the  seepage  estimates  for  each  hour  agree  perfectly,  and  so  in  plotting 
the  curve  shown  (on  bottom,  Fig.  loz)  the  points  plotted  are  average 
vaiues  for  several  successive  hours.  While  conditions  were  such 
that  an  absolutely  accurate  estimate  of  seepage  is  impossible,  the 
values  as  given  are  believed  to  be  close  enough  for  all  practical  pur- 
poses. It  would  seem  that  the  seepage  should  vary  as  the  square 
root  of  the  head,  following  the  well-known  laws  for  flow  through 
pipes  and  orifices,  the  passage  of  the  water  through  sand  amotmt- 
ing  to  flow  through  an  infinite  number  of  minute  pipes,  but  the  values 
actually  obtained  as  outlined  above  indicate  a  straight-line  variation, 
that  is,  directly  as  the  head  (top  of  Fig.  102). 

"  It  will  be  noticed  that  from  a  head  of  r3  feet  to  15  feet  the  seep- 
age appears  to  rapidly  decrease  and  from  15  feet  to  18  feet  it  appears 
to  increase  more  rapidly  than  normal.  This  phenomenon  occurred 
during  the  night  when  no  attempt  was  being  made  to  lower  the  water 
surface  rapidly.  One  pump  had  been  cut  out  and  the  other  two 
speeded  up  so  that  they  were  pumping  more  than  the  quantity  of 
water  measured  at  normal  speed,  but  how  much  more  is  not  known; 
consequently,  the  seepage  appears  to  decrease,  but  in  reality  such  is 
not  the  case.  After  the  piles  for  the  pump-boat  foundations  had  been 
driven  and  capped  the  coffer  was  allowed  to  fill,  the  boats  were  floated 
into  position  and  the  Unck  Joe  pumped  down,  allowing  them  to 
settle  on  their  foundations.  Pumping  was  continued  until  the  water 
surface  inside  reached  an  elevation  of  310,7,  when  the  coffer  was 
accepted  as  satisfactory;  it  was  then  allowed  to  fill  up  to  316.0,  and 
driving  of  round  piles  for  river  wall  foundation  was  begun  from 
floating  drivers. 
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"  Seepage  was  apparently  uniform  around  the  entire  coffer  perim- 
eter, since  a  single  large  leak  would  have  resulted  in  great  damage 
and  the  wrecking  of  a  portion  of  the  cofler-dam.  Naturally,  this 
seepage  water  collected  into  a  relatively  small  number  of  rather 
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large  streams,  moving  toward  the  pumps,  each  of  which  carried  a  large 
quantity  of  sand,  which  was  deposited  in  the  still  water  where  the 
pile-drivers  were  floating.  Tailing  care  of  the  seepage  was  a  simple 
matter,  but  serious   difficulty  was  encountered    in  preventing  the 
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excavation  from  filling  with  this  sand.  The  clam-shell  dredge  proved 
to  be  an  inefficient  and  costly  method  of  solving  the  problem. 

"  On  several  occasions  pile-driving  wa,s  suspended  until  sand  thus 
washed  in  could  be  removed.  It  was  thought  that  by  building  dams 
of  sand  bags  across  those  streams  the  movement  of  sand  could  be 
stopped.  This  was  done  and  proved  to  be  very  advantageous,  but 
when  water  began  to  flow  over  the  dams  sand  continued  to  move 
into  the  excavation,  though  in  diminished  quantities.  A  further 
diminution  in  the  sand  movement  was  effected  by  spreading  a  6-inch 
layer  of  gravel  over  the  greater  part  of  the  river  side  of  the  interior 
banking.  In  spite  of  all  efforts,  however,  large  quantities  of  sand 
continued  to  move  into  the  '  hole  '  and  at  the  time  work  was  sus- 
pended for  the  winter  the  problem  of  driving  piles  without  constant 
excavating  wasstill  unsolved.  .  .  . 

"  At  about  7  A.M.  Monday,  July  at,  1913,  there  occurred  a  failure 
of  the  main  coffer-dam  at  lock  and  dam  No.  48,  Ohio  River.  This 
coffer  was  built  20  feet  above  low  water  and  at  the  time  of  failure  the 
river  stage  was  12.4  feet  above  low  water,  or  elevation  337.5  (Sandy 
Hook  datum).  The  water  surface  within  the  coffer  was  at  elevation 
316,5,  the  head  being  21  feet. 

"  The  failure  occurred  at  the  passway  in  the  lower  arm.  This 
passway  was  left  to  enable  the  contractor  to  pass  ffoating  plant 
in  and  out  of  the  coffer  at  stages  from  18  to  20  feet,  and,  as 
originally  constructed,  was  41  feet  wide  with  bottom  6  feet  below 
top  of  coffer,  the  area  being  closed  by  needles,  as  shown  on  the 
illustration. 

"  After  work  had  closed  for  the  winter  and  the  Government 
inspector  withdrawn,  this  passway  was  torn  out  to  remove  some 
Soating  plant,  and  without  the  knowledge  of  this  office  was  rebuilt 
with  the  top  2  feet  lower  than  before.  The  top  of  the  coffer,  there- 
fore, at  this  passway  was  only  12  feet  above  low  water,  needles  being 
used  to  close  the  opening  when  required.  On  the  outside  of  the  coffer 
was  a  line  of  Wakefield  sheet  piles  26  feet  long,  with  tops  of  piles 
from  10  to  12  feet  above  low  water.  These  sheet-piles  extended 
about  10  feet  below  the  bottom  of  the  coffer.  Sand  was  banked 
against  the  coffer  to  the  height  of  the  tops  of  the  sheet  piles. 

"  In  order  to  hold  the  banking  against  the  coffer  on  the  inside, 
the  contractors  had  driven  a  line  of  sheet-piles  60  or  65  feet  away 
from  the  coffer  with  tops  of  piles  at  about  low-water  elevation  and 
fill  had  been  placed  sloping  from  the  tops  of  these  piles  to  the  coffer 
at  the  elevation  of  the  floor  of  the  passway.  This  fill  had  been 
covered  by  gravel  to  prevent  wash  by  seepage. 
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"  A  small  quantity  of  water,  probably  i  cubic  foot  p)er  second,  has 
always  collected  behind  the  passway  and  flowed  as  a  little  stream 
into  the  excavated  area,  but  as  there  were  may  of  these  little  streams, 
some  of  them  greater  than  this  one,  no  fear  of  failure  because  of  this 
seepage  had  been  felt. 

"  The  Government  inspectors  lived  on  a  quarterboat  moored  just 
below  this  passway  and  crossed  the  coffer  constantly  at  this  point, 
and  no  increase  in  the  amount  of  seepage  nor  any  movement  of  sand 
had  been  noticed. 

"The  excavation  was  kept  clear  of  water  by  three  15-inch  cen- 
trifugal pumps  on  a  pimip  boat,  the  latter  resting  on  piles.  The 
engineer  of  the  pump  boat  noticed  nothing  unusual  until  5:30  am. 
July  21,  when  he  found  the  pumps  were  not  holding  the  water  surface 
at  315.5.  He  then  changed  his  governors,  increasing  the  speed  of 
the  engines  and  finally  cut  out  the  governors  entirely,  allowing  the 
engines  to  run  full  speed.  In  spite  of  this,  the  water  surface  in^de 
rose  to  316.5  at  6:30  am.  Shortly  after  this  the  men  coming  to 
work  noticed  a  large  leak  near  the  passway;  the  alarm  was  given, 
and  the  pumps  stopped  at  6:45  A.M.  At7:or  a.m.  there  was  evidently 
a  blow-out,  as  the  water  was  seen  to  sudc  down  outade  of  the  sheet- 
piles;  the  sheet-piles  were  lifted  out,  then  the  coffer  lifted,  and  the 
break  was  completed.  Before  the  inclosure  was  filled,  about  250 
feet  of  coffer  had  been  washed  away. 

"  Through  the  gap  thus  created  there  were  drawn  four  loaded 
coal  barges,  a  barge  of  lumber,  and  one  of  round  piles.  The  coal 
barges  were  rolled  over  and  over,  and  were  a  total  wreck,  the  pile 
barge  was  broken  up,  and  the  lumber  barge  was  injured,  but  can  be 
recovered  and  repaired.  The  pump-boat  was  thrown  off  its  pile 
foundation  and  somewhat  injured  and  four  pile-drivers  were  sub- 
merged and  probably  injured  to  some  extent,  the  amount  of  injury 
being  unknown. 

"  The  contractor  was  about  ready  to  place  concrete  for  the  river 
wall.  The  excavation  was  completed,  all  round  piles  and  most  of 
the  sheet-piles  were  driven  and  tracks  on  piles  for  derricks,  cars,  etc., 
were  completed.  A  large  amount  of  sand  has  been  carried  into  the 
excavation,  coal  has  been  dumped  about  the  heads  of  the  piles  and 
undoubtedly  some  of  the  tracks  have  been  injured.  It  is  estimated 
that  the  immediate  money  loss  to  the  contractor  will  amount  to 
between  $10,000  and  $15,000,  but  the  accident  may  cause  a  much 
greater  loss  due  to  the  delay,  which  is  estimated  at  a  month  or  six 
weeks,  which  may  prevent  the  completion  of  the  work  inside  the  coffer 
this  season  and  make  necessary  the  unwatering  ^ain  next  year. 
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It  is  hoped,  however,  that  further  investigation  when  the  river  falls 
will  show  less  damage  than  is  anticipated. 

"  Several  causes  of  the  failure  can  be  suggested,  and  it  is  probable 
that  they  all  had  a  bearing;  their  relative  importance,  however, 
can  only  be  guessed  at.  These  probable  causes  are:  (a)  The  weight  of 
the  passway  coffer  was  probably  about  looo  pounds  per  square  foot 
less  than  it  would  have  been  if  it  had  been  built  to  full  height;  (6) 
in  rebuilding  the  passway,  good  connection  between  the  old  and  new 
sheet-piles  and  the  sheeting  of  the  coffer  may  not  have  been  obtained; 
(c)  the  material  used  for  Ming  the  passway  coffer  when  rebuilt  may 
have  contained  a  large  proportion  of  silt  as  the  silt  deposit  in  the 
coffer  during  the  winter  was  very  heavy;  (d)  the  seepage  probably 
gradually  increased  with  the  increasing  head  until,  during  the  night, 
the  little  stream  began  to  carry  out  sand  from  beneath  the  coffer 
and  it  also  probably  cut  down  into  the  inside  banking  until  the  limit- 
ing plane  of  saturarion  was  reached  when  the  blow-out  occurred. 

"  It  is  certain  that  there  was  a  txinsiderable  increase  of  flow  during 
the  night  from  this  and  probably  other  seepage  streams,  and  that 
at  6:30  A.H.  there  was  a  bad  leak  under  the  passway,  and  when  the 
blowout  took  place  the  whole  mass  became  suddenly  fluid  and  lifted 
the  sheet  piles  and  the  coffer." 
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Thin  steel  shells  have  been  used  extensively  for  foundation  work, 
but  in  the  majority  of  cases  they  have  been  retained  as  essential 
features  of  the  permanent  construction. 

This  is  more  particularly  the  case  in  locations  where  stone  is 
scarce  or  expensive  and  it  becomes  necessary  to  substitute  some  other 
material  for  foundations.  Tubular  steel  piers  are  constructed  of 
two  tubes,  ranging  from  24  inches  to  several  feet  in  diameter,  or, 
in  the  case  of  pivot  piers,  from  15  feet,  with  a  single  tube  for  a  pier, 
to  50  feet  or  more. 

In  a  number  of  instances  the  steel  shells  for  ordinary  piers  have 
been  made  oblong,  in  the  general  form  of  a  stone  pier,  and  braced 
internally  to  hold  them  in  shape  during  inking,  after  which  they  are 
filled  with  concrete. 

The  metal  shells  for  the  Hawkesbury  Bridge  in  Australia  were 
of  this  character,  20  feet  wide,  48  feet  long,  and  with  rounded  ends. 
Each  one  was  provided  with  three  dredging-wells,  each  8  feet  in 
diameter,  through  which  the  dredges  shown  in  the  view  (Fig.  103) 
were  operated.  While  these  piers  were  not  used  as  coffer-dams, 
they  were  made  water-tight  by  boiler-riveting,  so  that  by  pumping 
water  in  and  out  the  displacement  could  be  kept  constant,  and  in 
this  way  control  the  pier  in  an  average  tide  of  5  feet.  These  piers 
were  sunk  by  dredging  out  the  material  from  the  inside,  to  the  great 
depth  of  from  135  feet  8  inches  to  197  feet  below  the  pier  tops,  or  a 
distance  of  155  feet  below  low  water. 

Both  inclined  and  vertical  cuttSng  edges  were  used,  with  the 
result  that  the  inclined  ones  were  of  frequent  trouble  and  the  vertical 
ones  none  whatever. 

•  Metal  caissons  have  been  used  more  frequently  in  the  United  States  than  have 
mcial  coffer-dams,  the  reaisons  being  Ihe  cheapness  of  limber  and  its  more  easy  ai^lication. 

In  England  mclal  i.of!cr-dams  are  more  frequently  used.  The  example  given  in  this 
chapter — the  Forth  Bridge  coffer-dams — misht  have  been  supplemented  by  reference 
to  those  used  on  the  Clarence  Bridge  at  Cardiff,  the  construction  used  being  illustrated 
and  described  in  Engineering,  and  is  csi^ti.illy  notable  lor  the  design  of  the  bracing. 
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"  If  it  is  essential  to  increase  the  bearing  surface  at  the  bottom 
of  the  caisson  to  an  area  which  is  not  required  in  the  upper  portion, 
this  end  can  be  secured  by  a  vertical  cutting-shoe  of  considerable 
height,  with  a  step  or  steps  into  the  smaller  diameter.  This  is  quite 
as  efficient  to  secure  the  end  in  view  &s  a  long  incline  on  the  cutting- 
shoe,  and  has  decided  advantages.  In  the  denser  material  the  vertical 
sides  leave  the  ground  undisturbed  for  some  height  close  to  the 
skin  of  the  caisson,  and  a  vertical  guide  is  secured  which  is  entirely 


Fig.  103 — Hawkksbuky  Bbkxje., 


wanting  in  the  case  of  an  inclined  shoe.  This  guide  is  valuable  in 
cases  where  the  soil  may  differ  in  density  under  the  shoe,  and  par- 
ticularly so  if  the  excavation  has  been  carried  too  far  below  the 
bottom  of  the  shoe.  With  an  inclined  shoe  and  a  slip  of  soil  into  the 
dredging  well  from  one  side  more  than  another,  experience  in  deep 
dredging  has  shown  that  there  is  a  decidedly  greater  tendency  to  a 
horizontal  movement  than  with  a  vertical  shoe.  The  former  has  a 
flare  to  direct  this  sidewise  motion  in  the  first  place,  and  nothing 
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but  a  certain  amount  of  disturbed  material  above  the  shoe  to  resist 
this  tendency." 

The  above  account  is  from  the  Engineering  News  of  January  5, 
1889,  the  work  having  been  done  imder  the  direction  of  J.  F.  Ander- 
son, of  the  firm  of  Anderson  &  Barr.  The  shells  were  filled  with 
concrete  up  to  low  water,  and  masonry  built  from  low  water  up  to 
the  top  of  the  piers. 

Such  work,  may  be  made  water-tight  by  riveting  according  to 
ordinary  boiler-mtdcer  rules,  or  if  extra  thick  plates  are  used  this  can 
be  exceeded  and  the  rivets  spaced  some  farther  apart.    The  joints 


Fig.  t04. — Group  oy  Cylinders  fob  Pi\'ot  Piers. 

may  be  made  with  ordinary  laps  and  calked,  or  a  very  much  better 
appearance  may  be  obtained  by  the  use  of  butt  joints,  and  if  desirable 
to  avoid  calking,  then  a  calking  strip  may  be  used  to  make  the  joints 
tight.  This  is  merely  a  cloth  or  canvas  strip,  thoroughly  saturated 
with  paint  paste,  and  is  laid  between  the  metal  surfaces,  and  the  rivet- 
ing draws  the  plates  upon  it  and  a  tight  joint  will  result.  The  shells 
will  be  filled  with  concrete  as  soon  as  the  piers  are  in  place  and  the 
foundation  prepared,  so  that  only  a  temporary  use  is  required  of  the 
strip. 

When  metal  cylinders  are  used  amply  as  casings  for  concrete  they 
need  not  be  made  water-tight,  as  they  can  be  dredged  out  and  have 
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the  concrete  deposited  through  the  water.  The  metal  should  never 
be  less  than  J  inch  in  thickness,  and  on  first-class  work  ^5  to  i  inch 
is  preferable.  Railroad  work  of  this  character  is  usually  constructed 
of  |-inch  metal  for  ordinary  depths. 

The  pivot  pier  of  the  bridge  over  the  Little  Bras  d'Or  River  in 
Cape  Breton  was  constructed  of  seven  metal  cylinders  braced  tc^ether. 
The  center  tube  was  4  feet  in  diameter,  while  the  six  outside  cylinders 
were  3  feet  in  diameter.  (Fig.  104.)  The  center  pivot,  about  which 
the  span  revolves,  rests  on  the  center  tube,  while  the  track  is  supported 
by  the  other  tubes,  but  resting  directly 
on  rolled  beams  covered  with  J-inch  ima.^rm 

plate. 

The  tubes  rest  on  a  clump  of  piles, 
cut  off  at  the  bed  of  the  stream,  with 
one  pile  extending  up  into  the  center  of 
each  tube  about  6  feet,  around  which 
the  concrete  was  depodted,  thus  pre- 
venting displacement.  Concrete  and 
stone  were  placed  on  the  outside  up  to 
15  feet,  as  a  protection. 

This  work  was  described  by  Martin 
Murphy  in  Trans.  Am.  Soc.  C.  E.,  Vol. 
29,  who  also  describes  a  pier  for  the 
Victoria  Bridge,  over  Bear  River,  con- 
structed with  two  tubes,  resting  on 
piles  cut  off  at  the  bed  of  the  stream, 
but  having  four  piles  inside  each  tube. 
(Fig.  105.)  Around  the  outside  are 
thnber,  concrete,  and  broken  stone  as 
a  protection.  The  saw  used  for  cutting 
off  the  piles  imder  the  water  was  very  much  simpler  than  the  one 
shown  in  Fig.  49,  and  is  illustrated  in  Fig.  106. 

Cylinder  piers  on  European  work  are  often  of  very  elaborate  con- 
struction. The  bridge  on  the  Aa,  at  the  crossing  of  the  Russian 
Riga-Orel  Railway,  is  supported  on  elegant  cylinder  piers,  with  molded 
caps,  steel  cutwaters,  and  are  braced  together  with  cylinders  trans- 
versely. (Fig.  107.)  This  forms  a  very  efficient  construction,  but 
50  expensive  to  manufacture  that  it  is  usually  replaced  by  bracing 
of  struts  and  rods,  as  in  Fig.  105,  or  by  a  metal  diaphragm  (Fig.  108). 
stiffened  with  angles. 

Cylinders  of  water-tight  construction  and  of  large  diameter  may 
be  used  as  coffer-dams  where  they  are  sunk  into  impervious  strata, 
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or  by  sealing  them  with  concrete  around  the  bottom  where  they  are 
placed  upon  smooth  rock  bottom.  In  the  construction  of  lighthouses 
such  cylinders  have  been  placed  upon  clean  rock  bottom,  through 
from  12  feet  to  i8  feet  of  water,  and  concrete  deposited  around  the 
circumference  of  the  base  outside  and  inside  to  make  them  water- 
tight, after  which  they  were  pumped  out  and  the  foundation  laid. 


Fio.  io6.— Circular  Saw  for  Cdtttog  off  Piles  under  Water. 

To  withstand  the  pressure  of  any  considerable  depth  of  water  the 
thickness  and  strength  should  be  calculated  and  the  construction 
carefully  designed.  Unless  the  depth  of  water  exceeds  lo  feet,  or 
the  diameter  of  tube  exceeds  6  feet,  the  minimum  thickness  it  is 
advisable  to  use  will  be  sufficient  for  strength. 

This  refers  only  to  quiescent  pressure,  and  any  shock  must  be 
carefully  considered  and  taken  account  of,  by  interior  bracing  if 
necessary. 
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The  most  thorough  discussion  of  the  strength  of  thin,  hollow 
metal  cylinders  is  given  in  "  ElasticitSt  and  Festigkeit,"  by 
C.  Bax:h.  This  considers  the  cylinder  to  have  sides  of  a  greater 
thickness  than  is  true  with  pier  shells,  and  having  one  radius 
given,  the  radius  to  the  other  side  of  the  plate  is  found  from  the 
formula,  the  stress  being  variable  from  the  inside  to  the  outside  of 
the  plate. 

For  thin  cyUndcrs  the  stress  may,  without  appreciable  error, 
be  assumed  to  be  uniform  over  the  cross-section  of  the  plate,  and  the 
thickness  /  in  inches  be  found  from  the  formula,  t  =  .ooirk. 


Fig.  108.— C\-linder  Pieks,  with  Diaphragh. 

where  r  is  the  radius  of  the  cylinder  in  feet,  k  is  the  depth  of  the  water 
to  the  section  in  feet,  and  f  in  no  case  to  be  used  less  than  \  inch  in 
thickness. 

This  is  on  the  assumption  that  the  metal  will  stand  5000  pwunds 
per  square  inch  in  compression  with  safety.  For  large  cylinders, 
or  for  rectangular  shells,  girders  and  stiffeners  or  ties  and  struts 
must  be  added  to  prevent  distortion. 

The  foundations  for  the  great  Forth  Bridge,  which  were  con- 
structed under  the  direction  of  Sir  John  Fowler  and  Sir  Benjamin 
Baker,  required  the  use  of  various  methods  to  reach  solid  bearing, 
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as  the  enonnoiis  weight  to  be  carried  required  the  most  substantial 
piers  obtainable. 

The  use  of  coffer-dams  of  metal  for  the  Inch-Garvie  piers  is 
described  by  Engineering:  The  site  of  the  two  north  or  shallow 
piers  being  whoUy  submerged  at  high  water,  and  about  half  in  the 
case  of  the  northeast  and  three-fourths  in  the  case  of  the  northwest 
pier,  submerged  also  at  low  water,  the  preUminary  work  was  tidal, 
and  between  spring  tides  no  work  could  be  carried  on  at  all  at  this 
place.  When  it  is  considered  how  exposed  the  position  was  there— 
—the  work  having  to  be  carried  on  upon  a  narrow  ledge  of  rock 
attacked  by  wind  and  waves  from  all  sides — it  will  be  understood 
that  the  progress  could  not  be  very  rapid.    The  conditions  of  the 


contract  here  required  that  the  rock  should  be  excavated  in  steps, 
and  that  the  rubble  masonry  comprising  the  foundation  of  the  circular 
granite  piers  (Fig.  log)  should  be  bound  by  an  iron  belt  60  feet  in 
diameter  and  3  feet  deep;  the  highest  portion  of  the  rock  upon  which 
this  belt  rested  to  be  2  feet  below  low  water;  the  belt,  or  at  any  rate 
a  part  of  it,  to  be  brought  down  to  form  a  protection  for  the  founda- 
Uon  rubble  masonry  upon  the  lower  steps. 

It  was  therefore  decided  to  cut  a  chase  8  feet  wide  (3  feet  to  the 
inside  and  5  feet  to  the  outside  of  the  60-feet  circle)  out  of  the  rock 
where  it  was  higher  than  2  feet  below  low  water,  to  make  the  60- 
feel  belt  of  three  thicknesses  of  J-inch  plate  and  to  carry  the  center 
plate  downward,  after  it  had  been  cut,  in  such  a  manner  as  to  fit 
as  nearly  as  possible  the  natural  contour  of  the  rock.  (Fig.  no,  ^4.) 
A  light  staging  was,  therefore,  erected  above  high  water,  the  correct 
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center  of  the  pier  placed  upon  it,  and  by  means  of  a  trammel-rod 
30  feet  in  length,  from  the  end  of  which  a  pointed  sounding-rod  was 
suspended,  a  correct  reading  was  taken  every  6  inches  on  the  drcum- 
fetence  of  the  6o-[ect  circlcj  after  a  diver  had  been  around  to  clear 
out  any  loose  stones  lying  in  the  line,  or  picking  off  any  sharp  points 
projecting.  These  readings  were  plotted  and  the  center  plates  cut 
to  it.     In  the  meantime  work  had  been  done  upon  the  chase,  and, 
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when  nearly  cut  down  to  the  right  level,  the  belt  was  put  together 
on  the  staging  exactly  above  the  site  of  the  pier.  The  plates,  project- 
ing downward  and  forming  the  shield,  were  stiffened  by  I  bars  ver- 
tically over  the  butts,  and  where  required  to  be  carried  down  to  a 
considerable  depth,  as  in  the  case  of  the  northwest  pier,  they  were 
further  stiffened  by  horizontal  circular  girders  and  stayed  to  the 
rock  by  bars  of  angle-iron.  The  whole  belt  was  now  riveted  up, 
and  when  ready  received  two  coats  of  red-lead  paint,  and  was  lowered 
down  to  position  by  means  of  hydraulic  jacks.     (Fig.  no,  B.)    The 
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top  edge  of  the  3-feet  belt  was  then  leveled  all  round,  and  corrected 
where  necessary.  A  heavy  angle-iron  6"  X6"  X  g"  r^n  round  the  inside 
of  the  3-feet  belt,  and  upon  this  was  now  set  a  single  tier  of  temporary 
caisson,  10  feet  in  height,  and  consisting  of  fourteen  segments  of  about 
30  cwt,  each  in  weight.  This  helped  to  keep  the  belt  down  to  the  rock, 
and  a  number  of  heavy  blocks  of  stone  were  placed  on  the  top  of  the 
caisson  for  the  same  purpose.  A  sluice  door  in  the  lower  part  was 
kept  open  to  admit  of  the  tide  flowing  in  and  out.  . 

Steps  were  now  taken  to  make  good  the  joint  between  the  3-feet 
belt  and  the  shield  and  the  bed-rock.  This  was  done  in  the  following 
manner:  A  number  of  concrete  bags,  about  i4"X3o",  and  8"  to  9" 
thick,  were  prepared  and  passed  down  to  a  diver,  who  laid  them  round 
the  outside  of  the  belt  at  a  distance  of  about  4".  A  second  row  was 
laid  next  round  the  outside  of  the  first  row,  and  tolerably  close  up,  the 
space  between  the  two  being  made  up  by  clay  puddle  well  stamped 
down.  Any  split  or  hole  or  crevice  in  the  rock  was  also  filled  with 
clay.  Upon  these  two  lower  rows  other  bags  were  now  laid  cross- 
wise; upon  these,  two  rows  lengthwise,  and  a  fourth  row  crosswise  on 
the  top,  which  was  laid  close  up  to  the  belt.  This  was  done  in  sec- 
tions of  about  15  feet  to  16  feet  length  all  along  the  shield,  but  round 
the  outside  of  the  treble  belt  only  two  bags  deep  were  laid.  On 
the  inside  also  a  single  row  of  clay  bags,  backed  by  a  row  of  con- 
crete bags,  and  loaded  with  stones,  was  laid  round  the  complete 
circle.  Cement  grout,  without  intermixture  of  sand,  was  now  pre- 
pared and  passed  down  to  the  diver — but  only  at  slack  tide,  high 
water,  or  low  water — who  lifted  off  one  or  more  of  the  top  bags  and 
poured  the  grout  into  the  narrow  space  left,  until  it  overflowed.  He 
then  replaced  the  bag  and  proceeded  to  the  next  division,  until  all 
was  done.  Forty-eight  hours  were  allowed  to  elapse  for  the  setting 
of  the  cement;  the  sluice  valve  was  then  closed  and  the  caisson 
pumped  out  gradually.  When  leaks  were  discovered  the  diver 
descended  to  examine  the  outside,  and  where  necessary,  he  cut  out 
some  of  the  grouting  and  replaced  it  by  new. 

As  it  was  not  considered  that  this  cement  joint  would  be  able 
to  stand  the  full  pressure  of  the  tidal  rise  the  coffer-dam  was  worked 
as  a  half-tide  one,  it  having  to  be  pumped  out  every  tide  as  soon  as 
the  water  had  fallen  below  the  top  edge  of  the  temporary  caisson. 
In  addition  to  the  hydrostatic  water  pressure,  the  caisson  had  to  stand 
the  heavy  seas  thrown  against  it,  whether  coming  from  east  or  west. 
Under  these  circumstances  it  was  often  considered  advisable  not 
to  pump  out  the  coffer-dam,  but  leave  the  sluices  open  and  allow  the 
tidal  flow  free  access.    Under  such  conditions  it  will  be  easy  to  see 
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that  during  a  season  of  bad  weather,  much  delay  could  not  be  avoided, 
and  though  the  work  of  excavation  had  been  commenced  in  the 
summer  of  1883  it  was  not  till  the  middle  of  April  of  the  following 
year  that  the  first  rubble  masonry  could  be  laid  in  this  pier.  In  work- 
ing the  excavation  no  blasting  was  done  within  ij  feet  of  the  iron 
belt,  but  the  rock  was  quarried  up  to  within  6  inches  and  the  rubble 
then  built  in  at  once.  Any  steps  in  the  deeper  cut  portion  were 
invariably  at  least  twice  as  broad  as  they  were  deep.  The  deepest 
point  to  which  the  excavation  had  to  be  carried  in  this  pier  was  8 
feet  below  low  water. 

The  coffer-dam  or  caisson  for  the  northwest  pier,  Inch-Garvie, 
was  done  in  the  same  way  precisely  as  described  for  the  northeast, 
only  that  owing  to  the  experience  gained  by  the  divers  and  other 
men  ei^aged  upon  the  work  the  progress  was  mucb  more  rapid. 

In  the  northwest  pier  the  depth  of  the  shield  was  15  feet  below 
low  water,  and  extended  to  nearly  one-half  of  the  circumference. 
There  was,  therefore,  in  addition  to  the  vertical  I  bars  which  covered 
the  butt  joints  of  the  shield-plates,  three  horizontal  circular  girders, 
carried  at  a  distance  of  4  feet  6  inches  from  each  other;  and  from  these 
a  number  of  horizontal  rie-bars  with  cross-bars  at  the  ends  were  car- 
ried radially  and  level  to  the  rock  opposite  and  pinned  to  it,  and 
afterward  built  into  the  solid  rubble  masonry.     (Fig,  1 10,  B.) 

This  mode  of  making  the  joint  between  the  rock  and  the  iron 
belt  was  simple  and  quite  effective.  Most  of  the  leaks  were  due  to 
natural  crevices  in  the  rock,  running  from  the  inside  to  the  outside 
at  a  considerable  depth.  These  were  circumvented  by  building 
small  clay  dams  round,  and  leading  the  water  by  a  chute  to  the  pump. 
Leaks  were  also  caused  by  the  action  of  heavy  waves  running  up  to 
the  temporary  caisson  at  low  water  with  great  violence,  and  shaking 
the  whole  fabric. 

The  whole  of  the  northeast  pier  was  built  in  a  half-tide  caisson, 
as  the  work  was  not  pressing;  but  in  the  case  of  the  northwest  pier, 
as  soon  as  the  rubble  masonry  inside  had  been  brought  up  to  a  low- 
water  level  a  second  tier  of  temporary  caisson  was  added,  and  the  work 
could  then  be  carried  on  at  all  states  of  the  tide.  While  tidal  work 
was  carried  on  in  these  two  coffer-dams  the  amount  of  water  which 
had  to  be  pumped  out  every  tide  was  250,000  gallons  in  the  one  case 
and  340,000  in  the  other.  The  time  occupied  was  50  to  55  minutes, 
but  work  was,  of  course,  commenced  as  soon  as  the  higher  parts 
were  laid  dry.  For  pumping  out  smaller  quantities  of  water  collected 
through  leaks,  pulsometers  or  small  centrifugal  pumps  were  used. 

An  exterior  view  of  the  work  is  shown  in  Fig.  in,  and  while  the 
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method  was  successful  and  worthy  of  much  study,  the  expense  would 
only  be  justifiable  where  the  metal  would  be  retained  as  part  of  the 
permanent  foundation,  which  was  the  case  on  this  work. 

In  many  cases  such  a  shell  could  be  designed  of  the  proper  size 
for  the  footing  course,  and  after  use  as  a  coffer-dam  in  obtaining  the 
foundation  it  could  be  filled  with  concrete  and  serve  as  a  base  for  the 
pier.  Being  made  in  sections  vertically,  portions  projecting  above 
low  water  could  be  removed  and  used  on  stiU  other  piers. 


Fio.  III. — FoBTH  Bridge.    Circular  Grantte  Pier  and  Metal  Coffer-dam. 

Metal  sheet-piles  were  used  on  some  harbor  work  at  Cuxhaven 
Harbor,  Germany.  These  were  hollow  metal  sheet-piles  of  elongated, 
elliptical  sections;  and,  after  being  driven,  were  filled  with  concrete. 

Metal  sheet-piling  is  being  largely  used  in  the  United  States,  fre- 
quently of  Friestedt  patent  type.  This  is  described  in  the  Engineering 
News  as  follows: 

"  In  many  foundation  works,  particularly  in  quicksand  and  wet 
ground,  the  ordinary  timber  sheet-piling  cannot  be  used  to  good 
advantage,  and  on  works  of  this  kind  the  use  of  steel  sheeting  is  now 
being  introduced.     Fig.  112  represents  a  style  of  sheet  steel-piling 
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which  has  been  used  for  the  sheeting  of   foundations,  mine-shafts, 
and  also  for  coffer-tlums,  locks,  etc. 

"  The  cut  dearly  shows  tho  construction  of  the  sheeting  and  also 
two  arrangements  for  corner  construction.  The  piles  consist  of 
ordinary  ij-inch,  33-pound  rolled  channels  (with  metal  g  inch  thick), 
each  alternate  channel  having  riveted  to  it  two  steel  Z  bars,  forming 
grooves  to  receive  the  flanges  of  the  adjacent  channels.  These  bars 
are  4"X3"X3",  f  inch  thick.  In  this  way  the  piles  are  so  firmly 
interlocked  that  a  line  of  sheeting  will  resist  heavy  pressure  without 
the  aid  of  shoring  or  bracuig.  In  water  the  joints  are  soon  calked  by 
the  acccumiilation  of  mud,  sand,  or  dirt,  but  if  the  water  should  be 
very  clear,  a  little  sawdust,  paper,  pulp,  manure,  etc.,  may  be  thrown 
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STRAIGHT  SHEETING. 

Fic.  113. — Fhiesteot  Sheet-piunc 

in  near  a  leak,  which  will  soon  be  sealed.  In  the  Mississippi  River 
coffer-dam  at  St.  Louis,  noted  below,  the  alternate  piles  had  two 
angle-irons  ■^s"X2yX2"  riveted  on  {as  shown  in  the  cut)  to  form 
calking  grooves  in  which  strijis  of  wood  might  be  fitted.  These, 
however,  have  been  found  unnecessary  and  have  been  omitted  on 
part  of  the  work. 

"  This  steel  sheeting  has  been  used  for  sinking  mine-shafts  through 
quicksand,  and  for  the  foundations  of  the  Union  Traction  Building 
at  Cincinnati  and  the  new  Railway  Exchange  Buildinjf  at  Chicago. 
The  latter  will  be  a  seventeen-storj'  'sky-scraper '  office  .building, 
at  Jackson  Boulevard  and  Michigan  Avenue,  and  the  site  will  be 
excavated  to  a  depth  of  nearly  30  feet.     As  there  is  a  bed  of  quick- 
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sand  underlying  the  site,  it  was  decided  to  completely  surround  it 
with  a  steel  sheeting,  driven  to  a  depth  of  30  feet,  wHch  will  resist 
the  pressure  from  the  outside  and  so  prevent  flow  or  caving  which 
might  injuriously  affect  adjacent  buildings.  This  work  is  now  in 
progress.  An  ordinary  pile-driver  with  a  2000-pound  hammer  is 
used,  the  head  of  the  pile  being  fitted  with  an  iron  cap  having  a  wooden 
cushion  and  a  wooden  striking-block.    The  sheeting  has  been  used  also 


Via,  114.— Lackawanna  Steel  Shebt-fiuro.    M.  D.  ft  S.  R.  R.  BKmQX. 

to  form  the  coffer-dam  for  the  new  power-house  of  the  Union  Electric 
Light  &  Power  Co.,  at  St.  Louis  (Eng.  News,  Nov.  6  and  Dec.  18, 
1902).  The  location  is  on  the  bank  of  the  Mississippi  River,  and  a 
coffer-dam,  4o'X36o',  was  built  of  the  steel  piles,  50  feet  long,  braced  ; 
only  by  cross-walls  dividing  it  into  panels  or  sections,  4o'x6o'. 

"  The  piles  are  rolled  of  any  length  up  to  60  feet,  and  can  be  spliced 
for  longer  lengths.  In  many  cases  it  can  be  pulled  up  and  used  over 
again,  and  discarded  material  will  have  a  high  scrap  value." 
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The  cross-section  of  piling  is  shown  in  Fig.  112,  while  Fig.  113 
shows  some  work  on  the  C,  B.  &  Q.  Ry.,  on  which  it  has  been  used. 
Whatever  the  class  and  form  of  material  it  may  be  decided  to  use  in 
securing  a  foundation  by  the  coffer-dam  method,  the  temporary  con- 
struction should  be  so  related  to  the  permanent  foundation  that  as 
much  as  possible  of  .the  material  used  and  labor  employed  will  be  of 
service  in  the  finished  structure. 

The  Lackawanna  steel  sheet-piling  is  another  type  that  is  very 
extenavely  used  in  constructing  coffer-dams,  and  its  use  is  exactly 
similar  to  that  already  described.    The  construction  of  the  founda- 


-''      li^xJ^alndght-WobBeoOoii,      ^-- — ^l-.X.i. 
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Fio.  115,— Lackawanna  Stkbl  Sheet  Piunc, 

tions  for  a  bridge  over  the  Ocmulgee  River  for  the  Macon,  Dublin 
&  Savannah  Railroad  is  shown  in  Fig.  1 14,  where  it  was  employed 
by  D.  B.  Dunn,  Chief  Engineer  of  the  road.  The  river  bed  was 
underlaid  by  stiff  clay  20  feet  underneath  the  bed  of  sand.  The  sheet- 
piling  was  used  in  4S-foot  lengths  spliced  from  one  30-foot  piece,  and 
one  is-foot  piece,  the  driving  beii^  done  without  any  trouble  in  the 
regular  shape  shown  in  the  photograph.  The  piling  inside  the  coffer- 
dams was  cut  off  8  feet  below  the  bed  of  the  river,  and  concrete 
filled  in  about  to  the  water  level,  or  about  to  the  top  of  the  30-foot 
piece  of  the  sheet-piling,  from  which  point  the  pier  was  stepped  in  and 
carried  up  in  ordinary  forms.  This  sheet-piling  is  of  three  forms: 
the  straight-web  type,  Fig.  115,  made  in  sizes  shown  in  Table  XIV; 
the  arched-web  fype,  Fig.  116,  and  is  made  of  the  sizes  shown  in 
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Table  XIV.    For  heavier  work  the  center-flange  type  shown  in  Fig. 

■117  may  be  used,  and  the  sizes  of  this  are  given  in  Table  XIV.     This 

piling  may  be  pulled  out  and  used  over  again  by  means  of  a  hole  in  the 


U  Arched  -  Web  Section. 


Fig.  116. ^Lackawanna  Steel  Sheet  Piling. 

top  end ,  and  into  which  the  shackle  from  a  set  of  falls  may  be  attached. 
The  Straight-web  type  can  be  used  satisfactorily  for  shallow  work, 
but  where  there  is  considerable  pressure,  either  the  arched  web  or  the 


—Lackawanna  Steel  Sheet  Pilino. 


center-flange  type  must  be  used,  Should  it  be  desired  to  leave  the 
piling  in  where  it  is  not  protected  with  concrete,  the  material  must 
be  of  sufficient  thickness  to  stand  rusting  or  the  corrosive  action  of 
sea  water.     The  efficiency  of  this  piling  is  shown  in  Table  XV. 
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TABLE  XIV.— WEIGHT  OF  LACKAWANNA  SHEET  PILING. 


Weight  per  Lineal  Unit  of  Bar. 

Waght  pet  Unit  Area  of  WaU. 

Per  Li  Mai  Foot 

Per  Lineal  Meter 
■n  Kilngiu 

Per  Square  Foot 

-asr 

is"  Center-lkngc 

is"  Arched-web 

14"  Arched-web. ..... 

i"  Slraight-web 

r  Straight-web 

1"  Straight-web 

60 

60 

40,83 

41S 

37.187 

W-54 

89.^9 
89.  JO 
60,76 
63.2s 

18.60 

48 

48 
35 

IS 

=1-5 

234-34 
'34-34 
170, 90 
195-33 
lja.90 
104.97 

Fig.  iiS. — Jones  and  LaughUn  Steel  Sheet  Piung. 

GBEAM  IS  INCH  PILING  Bl 


Fig.  119. — J.  &  L.  Sheet  Piukc  Beams. 

S  INCH  LOCKING  BAR  6  INCH  LOCKING  BAB_ 


Fio.  iji.— J,  &  L.  Sheet  Pilinc  Beams. 
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Another  very  satisfactory  type  of  metal  sheet-piling  is  that  manu- 
factured by  Jones  &  Laughlin.  This  is  shown  in  Figs.  ii8,  119,  120, 
and  121.  The  dimensions  and  properties  of  this  piling  are  shown  in 
Tables  XVI,  XVII,  XVIII,  and  XIX.    This  piling  is  shown  in  use 


Fic.  13*.— Bridge  Foundahon  with  J.  &  L.  Sheet  Pujko. 

in  constructing  a  bridge  pier  foundation  in  Fig.  122.  On  account  of 
it  being  made  out  of  standard  I  beams,  the  piling  can  be  pulled  easily 
by  holes  in  the  top,  as  shown  in  the  cut,  and  if  there  is  no  fur- 
ther use  for  it  on  any  other  work  of  this  kind,  the  beams  may  be 
used  in  structural  work,  or  any  construction  where  they  will  fit. 
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Fic,  133. — Follower  Cap  for 
J.  &  L.  Piling. 
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The  lock  bars  would  make  very  satisfactory  re-enf ordng  for  re-enforced 
concrete  work.  In  driving  these  piles,  a  follower  cap  similar  to  that 
shown  in  Fig.  55  may  be  used,  the  details  of  which  are  given  in 
Fig.  123. 

Various  otner  types  of  steel  sheet-piling  are  manufactured,  some 
of  which  are  shown  in  Fig.  124,  but,  as  the  principle  is  the  same  in  all 
of  them,  they  will  not  be  further  discussed. 

TABLE  XV.— EFnaENCY   OF  LACKAWy\NNA   STEEL   SHEET   PILES 

IN  TRANSVERSE  STRENGTH. 

As  represented  by  Coefficient  of  Strcngtii  per  pound  of  metal  in  a  pile  beam  12  inches  long. 


StraiBht-wab. 

Arehed-web. 

Type. 

Center- 

Si». 

.s-'Ta" 

l"Xi" 

..I" XI" 

I2j"X)" 

■4"  XI" 

>S"XA" 

Least    radius    of    gyration 

of  single  BCcUon 

0.373 

.760 

0.729 

1-150 

i.tgo 

•Modulus    of    interlocked 

sections,  c.  to  c.  of  web . 

0-57S 

4.040 

4.iio 

6.25 

8.890 

14.110 

Modulus  of  single  section. 

o.sfi? 

S-73 

7.610 

11.800 

Modulus  pet  inch  of  width 

of  single  section 

0,081 

0313 

0.3*3 

0.382 

O.S43 

■  0.786 

strength   of    single    sec- 

tion,   weight    not   con- 

sidered   

fl.oo 

3.86 

3.98 

6-70 

9.70 

CoeSident      of     strength, 

■ 

factor  of  satfcly  3,  fiber 

stress    talten   at    30,000 

lbs.  per  sq.in. 

2  r            „   modulus  of  1 
3"r'°~'^^n6lesacUonJ 

JSfio.oo 

S3333-33 

S4933-33 

76400.00 

101466.66 

IS7333  32 

Wt.  in  lbs.,  lin.  foot  of  pile 

t*.S4 

37-'87 

43.50 

60.00 

40.83 

60.00 

sq.  foot  of  wall..  . 

11.50 

33.00 

48.00 

35-00 

48-00 

Coefficient  of    strength  of 

single  section  per  pound 

of  metal  — 

Coed,  ot  strenpth 

wt.  ot  Un.  ft.  of  pile 

602.87 

1434.19 

1192. Si 

1273-33 

2485 . 10 

1622. J3 

Efficiency  considering  both 

transverse  strength  and 

weight,  or  the  coefficient 

of  strength  of  single  sec- 

tion per  lb.  of  metal. 

tt.oo 

»-37 

2. .4 

2.11 

4." 

4-34 

luLui  in  dcrignlnE  >Wel  nhecl-iHle  structurM,  anlen. 


lin^le-pile  section,  while 
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TABLE  XVI.— JONES  AND  LAUGHLIN  STEEL  SHEET  PILING 


No. 

iSi. 

^ 

A 

* 

c 

'^ 

B 

f 

C 

B 

i.Xi 

3S°o 

13 

S  04 

s 

0.344 

..,,< 

0.6S 

o.ai 

0.4« 

iJXS 

.16.  as 

11 

•i-g? 

,1 

0.37s 

0.3s 

0.6^ 

o.ai 

0.443 

ISX6 

37-30 

IS 

4-7S 

0.74 

0.23 

0.489 

■  5X6 

39  75 

'.■> 

4. Si 

6 

0.437S 

0-37S 

0,74 

0.3S 

0.489 

.SX6 

4*  as 

'S 

4.87 

6 

0.500 

0-37S 

0.74 

0.13 

0.489 

TABLE  XVn— PROPERTIES  OF  J.  &  L.  STEEL  SHEET  PILING  BEAMS 


i 
1 

1 

h 

1 

1 

il 

1 

1 

III! 

s 

1 

Si 

Is 

1 

, 

I, 

j6.,o 

7.7a 

0.34 

3-94 

167.76 

4  43 

4.67 

0,76 

17.96 

1.2s 

a 

11 

ar.to 

8.10 

0.18 

397 

[73.10 

4., ■56 

4.61 

0-7S 

98.68 

J. 30 

S 

IS 

3a -75 

10.50 

0-.18 

4.7s 

1,8. 16 

8.s» 

S.84 

0.90 

47.7s 

3  59 

IS 

39.0c 

0.44 

4.81 

17S.0.1 

S-7' 

SO.oc 

370 

S 

IS 

4».3S 

11.37 

0.50 

4.«7 

391.92 

931 

S.6» 

0,87 

51.  >S 

3.81 

TABLE  XVHI.— PROPERTIES  OF  J.  ft  L.  LOCKING  BARS 
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His 


«ll  J 


D.qil.zMBlG001^le 


SUB- AQUEOUS  FOUNDATIONS 


TABLE  XDC— PROPERTIES  OF  COMBINED  SECTIONS  FOR  PURPOSE  OF 
COMPARISON 


1 

III 

n 

i 

ll 

ft 

III 

T. 

1 

i 

in 

ilii 

s 

m 

l« 

, 

I!XS 

,15  o 

lo  59 

s 

6,07 

1,07 

3.77 

i^XS 

36.25 

5 

6. II 

1 05 

2.80 

3 

ISX6 

Zl-io 

14.11 

6 

12.&S 

1. 14 

4-24 

ISX6 

39-75 

15.05 

6 

4-«S 

5 

.5X6 

42  .2$ 

"■'" 

6 

1. 18 

4-35 
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CHAPTER  IX 
CYLINDERS  AND    CAISSONS 

The  preceding  chapter  discussed  to  some  extent  the  use  of  tubes 
filled  with  concrete  for  cylinder  piers,  and  the  details  of  their  manu- 
facture, and  placing  will  now  be  more  fully  treated. 

It  is  customary  in  many  bridge  shops  to  make  the  vertical  distance 
between  rivet  lines  of  tubes  exactly  5  feet  for  all  diameters,  thus 
making  it  possible  to  carry  in  stock  plates  for  the  manufacture  of 
highway  piers,  these  plates  being  62^  inches  in  width  and  of  vary- 
ing lengths  equal  to  the  circumference  of  various-sized  tubes,  plus 
the  2J  inches  for  lap,  as  is  also  used  for  vertical  lap. 

These  plates  are  then  laid  out;  that  is,  the  location  of  the  rivet 
holes  marked  by  standard  wooden  templets;  after  the  plates  are 
punched  they  are  rolled  in  boiler  bending  rolls,  and  assembled  in  as 
great  lengths  of  tubes  as  can  be  handled  on  the  cars  for  shipment,  or 
hauled  from  the  railroad  to  the  bridge  site,  or,  in  the  case  of  large 
tubes,  in  as  long  pieces  as  can  be  erected.  This  is  very  often  only 
one  section  in  length  with  the  vertical  seam  riveted. 

The  sections  of  tubes  with  lap-joints  are  alternately  large  and 
small,  the  diameter  differing  by  a  little  over  twice  the  thickness  of 
the  plates,  so  as  to  telescope  (Fig.  125);  the  small  section  in  every 
case  having  the  outside  diameter  equal  to  that  specified  for  the 
cylinders  of  the  piers. 

The  tubes  also  have  holes  to  which  the  bracing  between  them  is 
attached,  which  usually  consists  of  struts  and  sway-rods. 

Railroad  piers  of  this  type  are  generally  manufactured  from 
material  which  is  rolled  to  conform  to  a  particular  specification, 
and  the  sheets  can  be  ordered  of  such  widths  as  will  best  suit  each 
particular  case.  The  tubes  are  made  with  butt  joints  and  with  much 
closer  rivet  s[>acing  than  is  used  for  highway  piers;  that  is,  in  place 
of  4-  to  5-inch  spacing,  they  are  spaced  usually  from  3  to  4  inches 
centers. 

Frequently  angle-rings  are  riveted  around  the  tops  of  the  tubes, 
and  sometimes  around  the  bottom  to  stiffen  them,  and  in  some  cases 
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TABLE  XX.— TUBE  WEIGHTS  AND  QUANTITIES. 


TUckDen 

ud  OrdBT  Length. 

All  OuutltlM  Below  (ot  Two  Tuba  or.0»  Pair. 

Dianusts 
o(Tub« 

ft 

. 

i 

Wdgfat  ot  one  5-ft.  o4n. 

g 

i 

i 

13 

i 

ft 

1 

i 

u" 

» 

^ 

Int. 

Ft. 

Pt. 

Ins 

Ft.    Id*. 

Pt.    Ins 

IS 

A 
B 

4 

4 

448 

560 

.090 

30 

4S 

i8 

A 
B 

4 
5 

ss* 

664 

.130 

40 

60 

31 

A 

5 

7i 

616 

770 

.178 

ss 

80 

B 

5 

9i 

»4 

A 

6 
6 

5 
7 

700 

874 

.233 

70 

los 

»7 

A 

B 

7 

7 

3i 

4i 

780 

980 

.396 

8s 

130 

30 

A 
B 

8 
8 

7  Hi 

8  a 

864 

1084 

1302 

■  364 

"S 

i6s 

33 

A 

B 

8 

8 

III 

8      9 
8    11) 

948 

1 190 

.438 

.440 

'35 

^9S 

36 

A 
B 

9 
9 

6) 
8! 

9      6i 
9      9 

I    l> 

1033 

1290 

1554 

3080 

.S'4 

'SS 

230 

39 

A 
B 

4 

10      4 
10      6! 

i  ? 

1116 

'394 

1680 

3243 

.614 

180 

36s 

42 

A 

B 

JJ 

3 

II       I 
II       4 

II    4 

1200 

1 500 

1806 

2408 

.7" 

3 10 

310 

45 

A 

B 
A 

" 

II     II 

,1     loj 

1284 
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Kon.— To  get  wdght  of  ikcUs  for  one  pier  divide  height  of  [JeT  by  s,  multiply  hy  wdght 
of  asctjon,  add  in  caps  (which  include  cap-lugs). 
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valua  for  amallsr  aiie. 

are  used  to  attach  cap-plates  to  cover  the  tops,  but  it  is  better  practice 
to  carry  a  richer  concrete  above  the  top  several  inches  and  round  it 
off  around  the  edge  to  shed  water. 
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The  erection  of  the  tubes  to  form  piers  is  very  often  left  to  careless 
or  incompetent  foremen;  but  while  the  design  of  the  metal  work  may 
be  easily  carried  out  to  conform  to  some  stajidard,  each  case  of  erec- 
tion requires  special  treatment,  and  should  be  placed  in  careful  and 
experienced  hands. 


Fig.  125.— Order  Diagram  Cylinder  Piers. 

Where  the  bottom  is  soft,  the  material  should  be  removed  to  a 
harder  stratum  or  to  a  considerable  depth  before  the  tubes  are  set 
in  position,  the  placing  of  them  being  carried  out  by  means  of  a  gin- 
pole,  a  derrick,  or  a  gallows-frame,  as  may  be  found  necessary. 
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Should  the  hard  stratum  not  be  reached  before  the  tubes  are 
set,  the  excavation  must  be  proceeded  with  by  excavating  inside  by 
hand;  or  if  this  becomes  impossible,  by  using  machinery,  such  as 
a  small  orange-peel  dredging-bucket  which  is  small  enough  to  go 
inside  the  tube.  Very  soft  material  may  be  removed  by  pumping 
it  out  with  a  centrifugal  pump.  Where  the  material  is  too  hard 
for  the  tube  to  sink  of  its  own  weight  as  the  excavation  proceeds, 
then  it  must  be  weighted  in  some  way.    This  has  been  done  by  add- 


Fro.  III). — Design  for  Cylinder  PibkB. 


ing  a  section  or  so  to  the  tube,  or  by  building  a  platform  around  the 
top  and  loading  it  with  the  excavated  material.  Where  even  then 
the  cylinder  sticks,  a  water-jet  used  around  the  outside  may  overcome 
the  ^n  friction  and  assist  the  sinking. 

The  tubes  need  only  be  sunk  to  such  a  depth  as  will  insure  against 
scour,  as  shown  in  Fig.  126,  unless  by  going  a  reasonable  additional 
distance  hard  enough  material  may  be  reached,  so  that  within  the  area 
of  the  cylinders  of  one  pier  sufficient  bearing  capacity  will  he  had. 

Otherwise  piling  in  suffident  number  must  be  driven  inside  each 
tube  to  carry  the  load,  and  these  must  be  cut  off  near  enough  to  low- 


D.qit.zeaOvGoOt^lc 


CYUNDEES  AND  CAISSONS  183 

water  line  to  insure  their  keeping  constantly  wet  to  prevent  rot. 
Enough  space  must  be  left  between  the  piles,  and  between  the  piles 
and  the  metal  shell,  in  which  to  tamp  concrete. 

Another  plan  very  often  used  tor  supporting  cylinder  piers  on 
soft  ground  is  to  drive  piles  to  carry  a  grillage  on  which  to  set  and 
fasten  the  tubes.  The  grillage  may  be  drift-bolted  to  the  piles,  which 
have  been  cut  off  to  a  level,  or  the  grillage  may  be  fastened  to  the 
bottom  of  the  tube  and  the  whole  then  lowered  onto  the  pilesj  guide- 
piles  around  the  sides  being  used  to  insure  the  proper  placing  and  to 
anchor  the  tubes  in  position.  With  such  a  foundation,  riprap  stone 
should  always  be  used  for  protection  from  the  current  of  the  stream, 
and  riprap  should  always  be  used  wherever  there  is  any  possibility 
of  scour. 

Where  the  pier  is  placed  in  the  current  a  crib  should  be  placed 
around  it,  jf  protection  is  necessary,  and  the  space  between  the  crib 
and  the  cylinders  filled  with  riprap.  (Fig,  127,)  Enough  riprap 
should  also  be  placed  outside  of  the  crib  to  protect  that  from  scour. 

Where  there  is  solid  rock  on  which  to  place  the  cyUnders,  they 
should  be  anchored  to  it  some  way.  In  shallow  water  this  is  usually 
done  by  placing  a  coffer-dam  around  the  pier  so  that  the  rock  can  be 
leveled  off  whatever  is  necessary,  and  anchor-bolts  used  to  anchor 
the  cyUnders  in  place,  the  anchor-bolts  passing  through  lugs  on  the 
bottom,  or  throtigh  the  legs  of  an  angle-rim.  If  the  rock  is  at  all 
uneven  and  it  is  impossible  to  lay  it  bare  to  do  the  leveling  off,  then 
the  bottom  of  the  tube  should  te  cut  to  fit  the  irregularities  as  they 
are  learned  from  soundings.  Anchors  may  be  placed  by  drilling  into 
the  rock  and  setting  old  railroad  rails  into  the  drill  holes,  allowing 
the  rails  to  project  up  several  feet  into  the  cylinders.  Then  when  the 
cylinders  are  placed,  concrete  may  be  deposited  in  them  under  water 
by  some  of  the  approved  methods. 

It  is  very  often  advisable  to  put  a  crib  around  a  pier  on  solid  rock 
in  order  to  protect  it  against  the  force  of  the  current,  driftwood,  and 
floating  ice. 

Considerable  mention  has  already  been  made  ol  piers  being  sunk 
by  dredging  out  inside  either  tubes,  such  as  have  just  been  treated 
of,  or  larger  metal  piers,  such  as  were  used  for  the  Hawkesbury  Bridge, 
In  the  United  States,  owing  to  the  fact  that  timber  is  so  plenty  and 
cheap,  it  has  been  the  practice  to  use  piers  similar  to  those  of  the 
Hawkesbury  Bridge  with  the  caisson  and  crib  of  timber  instead  of 
metal.  An  example  of  this  type  of  pier  is  shown  in  Fig,  128,  which 
was  designed  by  the  author  for  a  draw  pier  for  the  Northern  Pacific 
Railway  Company,  the  outside  diameter  of  the  octagonal  crib  being 
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38  feet  4  inches,  and  the  total  height  of  the  pier  being  84  feet  above 
the  cutting  edge.  The  caisson  proper  is  built  up  solid  of  timber  with 
one  cross-cutting  edge,  which  was  deemed  advisable  on  account  of 


the  large  diameter  of  the  pier.  The  height  of  the  caisson  to  the  roof 
is  8  feet  6  inches,  while  the  roof  consists  of  three  layers  of  12X12  tim- 
bers, each  of  which  is  thoroughly  calked  and  pitched.  The  sloping 
sides  of  the  caisson  walls  are  stepped  to  avoid  the  bulging  pressure 
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during  inking,  instead  of  straight  as  has  been  customary  on  work  of 
this  character.  This  is  a  detail  of  construction  which  has  been  devel- 
oped by  J.  A.  L.  Waddell,  M.  Am.  Soc.  C.E.,  on  large  work  of  this 
character  which  he  has  completed  and  which  will  be  mentioned 
more  fully  in  this  chapter. 

Above  the  caisson  a  timber  crib  is  carried  up  to  low  water,  and 
the  outside  of  the  caisson  and  of  this  crib  are  thoroughly  calked, 
covered  with  tarred  ship-felt  and  planked,  the  ship-felt  and  plank 
serving  as  additional  protection  for  water-tightness  and  as  protec- 
tion against  the  teredo,  while  the  planking  also  very  materially 
strengthens  the  crib.  Above  the  top  of  the  crib  a  temporary  crib 
coffer-dam  is  used  to  exclude  the  water  while  laying  the  concrete, 
although  it  is  possible,  on  account  of  the  i6  feet  range  of  tide,  to  lay 
most  of  it  in  tiie  dry  with  ordinary  concrete  forms. 

Instead  of  dredging  out  the  material  with  sand-pumps  of  the 
ordinary  tj'pe  or  with  dredging-buckets,  the  Hendy  hydraulic  elevators 
No,  5  are  used,  Fig.  129,  with  a  water  pressure  of  125  pounds.  An 
elevator  of  this  sort  can  be  shifted  around  and  the  material  dredged 
out  of  different  parts  of  the  caisson,  so  as  to  cause  the  pier  to  sink 
evenly.  But,  should  it  be  impossible,  for  any  reason,  to  keep  the 
pier  plumb,  this  can  be  corrected  by  the  pennanent  water-jets,  as 
indicated  in  the  sections  of  the  pier.  Some  of  these  jets  come  out 
at  the  cutting  edge  and  some  of  them  along  the  sides  of  the  pier.  It 
has  been  found  possible,  however,  to  accomplish  better  results  by 
using  separate  jets  at  such  points  on  the  outside  as  may  be  necessary. 
Should  the  jets  fail  to  correct  the  trouble,  then  it  is  necessary  to 
resort  to  the  use  of  dredging  on  the  outside,  although  this  is  not 
very  often  resorted  to.  With  a  pier  of  this  sort  the  caisson  is  con- 
structed on  shore  up  to  such  a  height  as  will  bring  the  top  of  the 
timber  above  the  water  after  it  is  launched  and  floated.  (Fig,  130.) 
It  should  then  be  carried  up  rapidly  enough,  so  that  as  the  concrete 
is  filled  in  it  will  be  kept  above  the  water  until  the  pier  is  landed  on 
the  Ijottom  as  it  is  sunk.  Only  sufficient  concrete  of  course  can  be 
put  into  the  pier  to  keep  it  sinking  properly,  and  with  the  crib  calked 
and  water-tight,  it  can  be  pumped  out  and  the  concrete  laid  in  the 
dry.  The  concrete  specified  for  this  work  was  one  part  of  Portland 
cement,  three  parts  of  sand,  and  five  parts  of  screened  and  washed 
gravel.  A  facing  of  mortar  i  to  3,  with  a  thickness  of  i|  inches,  is 
specified  for  the  facing,  and  the  entire  coping  of  i  to  2  mortar  reinforced 
with  wire-netting  and  railroad  rails,  so  as  to  carry  machinery  at  any 
point. 

Upon  the  pier  reaching  the  proper  depth  and  the  wells  being 
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cleared  of  all  material,  they  are  filled  to  about  40  feet  above  the  base 
with  concrete,  which  is  first  put  into  the  caisson  through  the  water 
until  the  caisson  is  sealed.  Then  the  wells  are  pumped  out  and  the 
balance  of  the  filling  placed  in  the  dry. 

Piers  of  very  similar  design  were  used  for  the  bridge  over  the 
Fraser  River,  at  New  Westminster,  B.  C,  under  J.  A.L.  Waddell,  con- 
sulting engineer.  There  were  five  piers  of  this  type,  some  of  them 
having  a  total  height  exceeding  125  feet.  The  endeavor  was  made 
in  the  design  of  the  caissons  and  cribs  to  deposit  as  nearly,  all  of  the 
concrete  as  possible  in  the  dry.  All  the  timber  work  was  thoroughly 
calked  and,  on  account  of  the  calking  on'  the  roof  timbers  being  on 
the  opposite  side  from  what  was  necessary  for  resisting  the  pressure, 
pitch  was  used  on  all  the  seams,  consisting  of  crude  resin  mixed  with  a 
sufficient  quantity  of  tallow  so  that  it  would  be  stiff  and  yet  not  too 
brittle.  This  was  mixed  in  a  kettle  arid  the  ordinary  pitch  vessel 
used  for  pouring  it  into  the  seams.  In  one  of  the  first  piers  constructed 
only  the  seams  of  the  2-inch  sheathing  Were  calked,  and  there  was 
considerable  leakage;  so  that  all  of  the  seams  in  the  other  cribs  were 
calked,  including  the  12X12  timbers.  The  experience  Had  on  this 
work  points  to  the  advisability  of  using  two  threads  of  oakum  in  all 
this  calkii^.  Where  the  jet-pipes  pass  through  the  roof  of  the  cais- 
son it  was  found  necessary  to  seal  the  openings  with  pitch  or  a  rich 
grout,  and  the  entire  surface  of  the  rock  was  covered  with  an  8-inch 
layer  of  rich  concrete,  it  being  placed  while  the  deck  was  above  water- 
level.  On  account  of  the  trouble  had  from  leakage  around  the  pipes, 
the  later  piers  had  these  carried  down  through  the  well  holes.  In 
building  up  the  cribs  the  timbers  were  lapped  at  the  comers  and  well 
drifted,  and  were  found  to  be  stronger  than  the  ordinary  method  of 
dapping.  The  solid  timber  portion  of  the  work  was  drift-bolted  at 
every  crossing,  thus  tying  the  comers  permanently  together.  When 
a  small  amount  of  penetration  had  been  gotten  on  piers  Nos.  4  and  5, 
the  concrete  work  about  the  wells  was  carried  above  the  surface  of 
the  water,  and  all  timber  work  about  the  wells  except  the  sheathing 
omitted.  With  pier  No.  3,  however,  a  great  deal  of  trouble  was  found 
in  holding  the  crib  plumb,  and  it  was  never  possible  to  carry  the  con- 
crete to  the  level  of  the  water-surface.  Consequently  solid  well 
timbers  were  carried  up  to  the  very  top  of  the  crib.  In  sealing  the 
wells  the  amount  was  regulated  by  the  height  of  the  crib.  This  was 
decided  upon  at  75  feet  for  pier  No.  5,  and  50  feet  of  sealing  was  used; 
while  for  piers  Nos.  3  and  4,  lifts  of  55  and  65  feet  were  used  respec- 
tively, this  sealing  being  allowed  to  set  a  week  in  each  case.  For  any 
work  of  this  character  the  caisson  timbers  should  be  very  thoroughly 
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fastened  together  and  ordinary  ship-building  methods  employed 
to  the  extent  of  using  a  great  many  through-bolts  riveted  down  on 
ch'nch-rings.  With  a  circular  or  octagonal  crib  the  cutting  edge 
should  be  spliced  together  at  all  points  sufBciently  strong  to  make  a 
tension-ring  about  the  bottom  to  take  up  the  bulging  pressure. 

The  232-foot  plate-girder  drawbridge  for  the  city  of  New  West- 
minster, B.  C,  over  the  north  arm  of  Frazer  River,  to  Lulu  Island, 
is  supported  on  a  center  pjer  constructed  by  the  author  by  sinking 
a  crib  made  of  12X12  timbers  to  a  depth  of  33  feet  below  low  water. 


Fig.  131. — Crib 


Lulu  Island  Bridge, 


,  This  crib,  shown  in  Fig.  131,  was  23  feet  square,  and  braced  with 
12X12  timbers  as  shown.  The  borings  showed  that  the  crib  to  the 
full  depth  was  to  be  sunk  through  black  sand,  and  as  the  Consult- 
ing Engineers  would  not  approve  the  use  of  sheathing  on  the  outside 
of  the  crib,  or  the  use  of  a  steel  cutting  edge,  these  were  omitted. 
On  account  of  the  small  size  of  the  crib,  the  sand-boxes  were  placed 
on  the  out^de  to  give  the  required  weight  for  sinking.  The  plant 
available  for  sinking  this  crib  comprised,  among  other  necessary 
equipment,  a  6-inch  sand-pump,  £ind  as  the  material  was  believed  to 


joovGoOt^lc 


OYLINDEBS  AND  CAISSONS  191 

be,  according  to  the  borings,  entirely  of  sand,  this  was  used  for  pump- 
ing out  the  material  to  allow  the  crib  to  sink.  Owing  to  the  omission 
of  the  outside  sheeting,  the  exterior  of  the  crib  was  very  rough,  and 
the  coefficient  of  friction  very  high.  The  lack  of  a  metal  cutting  edge 
caused  the  material  to  come  in  under  the  bottom  of  the  crib  in  much 
greater  quantities  than  ordinary,  and  the  sinking  proceeded  very 
slowly.  Gravel  was  encountered  in  considerable  quantity  and  added 
very  much  to  the  difficulty  of  putting  down  the  crib;  and  considerable 
trouble  was  experienced  in  handling  the  long  suction  of  the  pump 
when  it  was  necessary  to  clean  it  out.  The  suction  pipe  was  a  rubber 
suction  hose  with  smooth  interior,  but  this  quickly  cut  out  with  the 
sharp  sand  and  gravel  and  had  to  be  frequently  replaced.  No  foot- 
valve  was  used,  and  when  the  suction  was  pulled  up  by  the  derrick  for 
cleaning,  the  pump  was  reprimed  by  driving  a  wood  plug  into  the  end 
of  the  pipe;  this  plug  being  fastened  up  with  a  short  line  so  that  when 
the  pump  and  pipe  were  filled  with  water,  and  the  suction  dropped 
into  the  crib,  the  plug  would  jerk  out  soon  after  the  end  of  suction 
was  under  water  and  the  pump  catch  its  prime  without  trouble. 

There  is  no  question  but  what,  if  the  crib  had  been  properly 
sheeted  on  the  outside,  and  provided  with  a  proper  cutting  edge, 
that  the  work  would  have  proceeded  with  much  less  delay.  The 
use  of  a  clam-shell  bucket  for  digging  out  the  material  would  have 
been  much  better,  had  one  been  available,  as  not  nearly  so  much  sand 
and  gravel  would  have  come  under  the  cutting  edge  as  was  sucked 
under  by  the  pump,  or  as  would  have  been  sucked  under  had  a  hydrau- 
lic elevator  been  employed.  The  piles  were  driven  in  the  crib  about 
50  feet  below  the  cutting  edge  by  the  use  of  a  4200-pound  hammer, 
and  by  the  aid  of  two  jets  (Fig.  132).  The  average  number  of  piles 
driven  per  day  was  only  four,  and  could  not  be  materially  increased 
in  the  compact  material  encountered.  About  15  feet  of  concrete 
was  poured  under  water  through  a  Irimie,  as  soon  as  the  sand  between 
the  piles  had  been  cleaned  out  down  to  the  bottom  of  the  crib  by 
using  the  sand-pump.  As  soon  as  this  concrete  was  set  the  crib  was 
pumped  out  by  the  centrifugal  pump  under  a  28-foot  head,  and 
additional  bradng  placed  as  the  water  was  pumped  down,  so  that  the 
timber  was  supported  horizontally  about  every  6  or  8  feet,  and  ver- 
tically about  3  feet  between  bracing  at  the  bottom,  but  increasing  in 
the  vertical  distance  towards  the  top.  The  piling  was  then  sawed  off 
and  the  rest  of  the  concrete  put  in  in  the  dry.  There  were  a  number 
of  small  leaks  between  the  timbers  of  the  crib  which  were  stopped  by 
driving  shingles  into  the  cracks.  The  crib  had  already  been  calked 
with  two  threads  of  oakum,  and,  had  the  tar  paper  and  outdde 
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sheeting  been  added,  it  would  doubtless  have  been  perfectly  tight. 
After  it  had  been  pumped  out  once,  very  little  additional  pumping 
was  required  to  keep  it  dry.  After  the  crib  was  sunk,  and  before 
concreting,  it  was  fastened  down  to  guide-piles  which  had  been 
originally  driven  to  locate  the  crib  when  it  was  landed,  by  means 
of  caps  across  the  top  of  the.  crib  bolted  to  the  piles.  These  caps  had 
been  in  use  throughout  the  sinking,  and  wedges  driven  underneath 
them  to  keep  the  crib  down  in  case  any  accident  happened.  This  was  . 
a  very  fortunate  precaution,  as,  one  night  during  the  sinking,  while 
the  author  was  standing  on  the  side  of  the  crib,  one  of  the  outside 
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sand-boxes  broke  loose  with  a  loud  report,  and,  had  it  not  been  for 
this  fastening,  the  entire  crib  would  have  been  wrecked.  As  it  was, 
no  serious  damage  was  done  except  for  the  need  of  rebuilding  and 
refilling  the  sand-box.  During  the  progress  of  the  work  the  crib 
bung  up  on  one  comer,  and  divers  were  employed  to  go  down  and 
free  it.  It  was  supposed  a  log  had  been  encountered  and  would  have 
to  be  cut  in  two.  The  divers  failed  to  find  any  log,  and  after  they 
had  given  up  the  attempt  to  free  the  crib  it  was  discovered  that  it 
was  hung  up  by  wedging  on  one  of  the  guide  piles,  which  had  run 
in  toward  the  crib  in  driving.  The  crib  was  wedged  off  of  this  and 
no  further  obstruction  encountered. 
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CHAPTER  X 
OPEN  DREDGED  CAISSONS  OF  TIMBER 

The  further  use  of  open  dredged  caissons  or  cribs  combined 
with  piling  for  very  deep  foundations  is  well  shown  in  some  piers 
recently  constructed  by  the  author  at  Tacoma,  Wash.  The  new 
Eleventh  Street  bridge  over  the  City  Waterway,  an  arm  of  Puget 
Sound  in  Commencement  Bay  at  Tacoma,  consists  of  an  approach 
from  the  bluff  on  the  city  side,  made  up  of  an  abutment  97  feet 
6  inches  long,  and  a  steel  approach  475  feet  long;  a  fixed  span  between 
piers  No.  I  and  No.  2,  190  feet  center  to  center  of  piers;  a  lift  span 
221  feet  center  to  center  of  piers;  and  a  second  fixed  span  190  feet 
center  to  center  of  piers.  The  bridge  carries  a  50-foot  paved  road- 
way, and  two  lo-foot  sidewalks.  The  piers  are  shown  on  the  profile 
in  Fig.  133,  Wash  borings  made  by  the  Consulting  Engineers 
showed  hardpan  at  pier  No,  i  at  a  depth  of  about  80  feet  below 
high  water;  at  pier  No.  2  at  a  depth  of  about  105  feet,  at  pier  No.  3 
at  a  depth  of  about  i  tS  feet,  and  at  an  unknown  depth  at  pier  4. 
The  borings  at  pier  No.  i,  as  shown  in  the  profile,  disclosed  first,  a 
layer  of  mud  and  shells,  then,  blue  clay  overlying  blue  clay  and 
sand,  and  beneath  that  coarse  sand  and  gravel  overlying  the  hard- 
pan.  At  the  other  piers  the  borings  showed  principally  fine  sand,  and 
towards  the  bottom  of  the  piling  on  pier  No.  3  some  clay.  These 
borings  were  made  by  the  wash-boring  process,  and  turned  out  to 
be  no  more  reliable  than  is  usual  with  such  other  examinations  of 
like  character.  In  sinking  pier  No.  i,  hardpan  and  cemented  gravel 
were  encountered  at  about  the  point  where  blue  clay  is  shown;  at 
pier  No.  2  the  material  turned  out  to  be  about  as  shown,  and  at 
pier  No.  3  the  material  proved  to  be  of  sand  and  mud  down  to  a 
depth  of  160  feet  below  high  water,  where  It  was  supposed  that  hard- 
pan  was  reached;  at  pier  No.  4  the  material  was  fine  sand  and  mud 
to  an  unknown  depth. 

The  caissons  (Fig.  134)  were  18  feet  4  inchesX72  feet  2  inches 
for  piers  No.  i  and  No.  4,  and  21  feetXSi  feet  6  inches  for  piers  No. 
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2  and  No.  3. 


The  elevation  of  high  tide  is  +18,  and  of  low  tide 
elevation  —2.  The  caissons  were 
to  be  sunk  in  each  instance  to 
elevation  —34,  or  about  53  feet 
below  high  tide.  The  caissons 
were  constructed  on  the  north 
shore  on  launching  ways  (Fig. 
135)1  ^th  an  inclination  of  ij 
inches  per  foot,  which  is  practi- 
cally twice  that  called  for  in  the 
usual  rules  for  launching  ways 
for  small  vessels,  which  is  based 
on  a  coefficient  of  friction  of  0.04 
for  the  ways  well  coated  with 
skid  grease.  The  ordinary  rules 
for  laying  down  launching  ways 
for  small  vessels  being  from  J 
inch  to  I  inch  per  foot,  for  aver- 
age-sized vessels  f  inch  to  f  inch 
per  foot,  and  for  largest  vessels 
J  inch  to  finch  per  foot.  Should 
it  be  required  to  pull  the  caissons 
back  on  to  the  ways,  the  force 
required  may  be  determined  from 
the  following  formula: 

F  =  Weight  (sin  a+u  cos  a) 

F  being  the  force  required,  o 
the  angle  of  inclination  of  the 
ways,  and  m  the  coefficient  of 
friction,  which  may  run  up  to 
several  times  the  value  given 
above,  where  the  ways  are  not 
well  coated  with  grease.  The 
coefficient  of  friction  for  timber 
ways  only  soapy  is  0.2,  and  for 
dry  timber  0.5  maximum.  The 
launching  of  the  caissons  was 
carried  out  without  any  trouble, 
Fig.  136  showing  one  of  the 
caissons  striking  the  water,  and 
Fig.  137  showing  the  same  caisson  listed  over  so  that  the  interior 
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PIERS  2  AND  3 
Fic.  134. — Caissons,  Eleventh  Street,  Tacoua.  iTofata  page  loj  ) 
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bracing  can  be  seen.    Additional  data  on  launching  will  be  foimd 
in  Chapters  XI  and  XII. 


Fic.  135.— Caisson  on  Wavs,  Tacoma. 


It  was  impossible  to  place  more  bracing  in  the  caissons  during  the 
sinking  than  was  shown  by  the  plans,  on  account  of  the  number  of  piles 
that  had  been  driven  in  each  one,  159  in  No.  i,  198  in  No.  2,  206  in  No, 


Fig.  136.— Launching  Caisson,  Tacoma,  Wn. 

3,  and  144  in  No.  4.    Steel  cutting  edges  were  used  on  piers  No.  i  and 
No.  2,  where  it  was  expected  that  the  caissons  would  be  sunk  with 
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the  hydraulic  elevators,  but  as  the  cutting  edges  were  found  to  be 
of  no  service  in  excavating  the  caissons  with  clam-shell  buckets, 
they  were  omitted  on  the  other  two  cribs,  and  this  had  the  effect  of 
allowing  caissons  to  list  badly,  without  the  weight  of  the  metal  to 
anchor  them  down. 

The  timber  used  in  building  the  cribs  was  10X12  inches  surfaced 
on  all  four  sides,  with  two  ^XaJ  calking  edges  run  on  at  the  mill. 
The  timbers  were  laid  up  on  edge,  log-house  fashion  at  the  corners, 
breaking  joints  at  the  brace  frames,  and  the  bottom  course  cham- 
fered off,  as  shown  into  a  rough  cutting  edge.  Each  timber  was 
drift-bolted  to  the  one  below  by  5X22  inch  drift-bolts  every  three 


Fic.  137. — Interior  of  Caisson,  Tacoma,  Wn. 

feet.  The  seams  were  calked  on  shore,  up  to  above  flotation  line, 
with  two  threads  of  oakum,  and  the  2X12  inch  surfaced  sheathing 
spiked  on  to  break  joints  with  the  ones  to  be  put  on  above  after  the 
cribs  were  launched.  The  timber  work  was  built  up  to  a  height  of 
22  feet  before  launching,  and  after  launching  twelve  courses  were 
added,  calked  and  sheeted  before  the  cribs  were  located.  In  addition 
to  the  bracing  already  mentioned,  there  were  added  inside  each 
corner  uX  12-inch  vertical  timbers,  to  brace  the  corner  framing. 

The  method  employed  in  sinking  the  caissons  was  10  drive  guide- 
piles  at  one  side  and  both  ends  of  each  pier  site,  and  the  caissons 
were  then  towed  to  the  exact  location,  and  guide-piles  driven  on  the 
other  side.  The  plan  originally  was  to  build  up  the  upper  part  of 
the  cribs  or  coffer-dams  in  plank  sections,  as  shown  in  Fig.  138,  but 
as  this  necessitated  the  taking  olT  of  the  sand-boxes  or  weight  used 
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Fio.  139.— Hydkauuc  Elevators,  Tacoma,  Wh. 


D.qit.zeaOvGoOt^lc 


198  SUB-AQUEOUS  FOUNDATIONS 

for  sinking,  and  the  rebuilding  of  the  sand-boxes  a  second  time, 
this  was  abandoned  for  piers  Nos.  2,  3,  and  4,  and  the  coffer-dams 
built  up  to  about  elevation  +12  of  square  timbers,  drift-bolted 
on  the  same  as  the  caissons  themselves.  This  required  only  one 
section  of  the  plank  coffer-dam  to  be  bolted  on,  to  reach  above  high 
tide.  Excavation  was  begun  on  pier  No.  1  with  sand-pumps,  or 
hydraulic  elevators.  Fig.  139,  but  as  it  was  found  that  the  water 
jets  would  not  loosen  up  the  heavy  material  properly,  derrick  scows 
were  provided,  and  Owen  clam-shell  buckets  used  for  the  greater 
portion  ol  the  depth  of  pier  No.  i,  and  for  the  entire  depth  of  all 


Fic.  140.— Sand  Box  Loading,  Tacoha  Piers. 

the  other  piers.  The  cribs  were  weighted  down  by  placing  timbers 
crosswise  over  the  tops,  and  building  sand-boxes  of  old  plank 
plank  (Fig.  140)  and  filling  them  with  sand  up  to  about  400  tons  to 
overcome  flotation  and  friction,  as  the  material  was  dug  out  of  the 
cribs  by  the  clam-shell  buckets.  This  indicated  a  skin  friction 
for  the  depth  in  the  bottom  of  from  220  to  300  pounds  per  square 
foot.  It  was  necessary  to  place  the  timbers  far  enough  apart  on  the 
top  of  the  cribs  so  as  to  allow  plenty  of  room  for  the  operation  of 
the  clam-shelt  buckets.  The  excavated  material  was  mostiy  loaded 
on  to  scows  and  dumped  in  deep  water  at  a  distance  from  the  bridge 
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of  about  a  mile.  By  examining  the  sinking  diagram,  F^.  141,  it 
will  be  seen  that  the  sinking  proceeded  very  slowly  for  pier  No.  i 
and  it  was  finally  stopped  about  elevation  —32.  As  the  material 
had  proven  to  be  so  hard,  piling  were  ordered  long  enough  to  reach 
up  to  about  mean  tide,  where  they  could  be  driven  by  a  4200- 
pound  drop-hammer  without  jetting,  to  about  the  depth  of  —62, 
or  28  feet  below  the  cutting  edge,  as  originally  planned. 


Fig.  i43.-~Dkivinc  las-rr.  Piles. 

Before  locating  the  crib  for  piers  Nos.  2,  3,  and  4,  the  bottom 
was  dredged  out  to  within  about  10  or  12  feet  of  the  bottom  of  the 
crib  as  finally  landed,  or  as  deep  as  it  was  possible  to  do  economi- 
cally, with  the  material  running  from  a  considerable  distance  into 
the  hole.  The  only  trouble  encountered  in  sinking  the  cribs  was 
on  pier  No.  i,  where  a  blow-in  occurred  when  the  crib  was  pumped 
out,  by  one  comer  of  the  crib  giving  way,  either  through  too  long 
spacing  of  the  braces  for  the  great  head  of  over  40  feet,  or  through 
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defective  timbers,  it  being  impossible  to  determine  which,  as  the 
timbers  were  broken  into  kindling  wood.  This  occurred  just  after 
the  men  had  come  out  of  the  crib  to  change  shift,  and  no  one  was 
injured.  On  pier  No.  3  the  crib  capsized  during  sinking,  and  had  to 
be  recalked,  the  sand-boxes  replaced  and  refilled.  This  was  due 
to  insufficient  fastening  down,  as  all  of  the  cribs  were  fastened  down 
to  the  guide-piles  after 
they  had  reached  the  full 
depth,  so  that  the  sand- 
boxes could  be  removed  to 
allow  of  the  piles  being 
driven  without  any  inter- 
ference. The  foundation 
piles  for  pier  No.  2  were 
about  90  feet  in  length, 
and  they  were  driven  with 
a  4200-pound  hammer,  the 
most  effective  shaped  one 
the  author  ever  used,  Fig. 
142a,  aided  by  two  2J- 
inch  jets  supplied  from  a 
12X7X10  duplex  pump  on 
a  power  scow  alongside. 
After  the  piles  had  been 
driveD  as  deep  as  possible 
by  the  direct  contact  of 
the  hammer,  a  follower  of 
about  50  feet  in  length  was 
used  to  follow  them  down 
to  the  required  depth,  or  to 
about  elevation  —98.  The 
piles  for  pier  No.  3  were 
followed  down  to  an  ele- 
vation of  about  — 139,  or 
practically  160  feet  below 
high  water,  using  125-foot  piles  and  the  50-foot  follower.  (Fig.  142.) 
Handling  jet  pipes  of  between  160  and  170  feet  in  length  made  the 
operation  very  tedious,  and  often  not  more  than  "two  piles  were 
driven  in  an  eight-hour  shift,  with  a  maximum  on  this  pier  of  four 
piles  driven  in  any  one  shift.  The  long  piles  for  pier  No.  4  were 
driven  as  many  as  9  in  one  shift. 

The   piles,    135   feet  long,   were   required    by    the    Consulting 


Fic.  142a.    Dbop  Hamuer,  4200  L 
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Engineers  to  be  perfectly  straight,  which  was  a  very  severe  require- 
ment, and  they  were  only  obtained  at  a  price  of  i8  cents  per  lineal 
foot.  The  process  of  driving  them  consisted  first  in  shaping  up  the 
beads  to  fit  the  cast-steel  follower  caps;  the  jets  were  run  down  into 
the  bottom  to  the  full  depth,  a  pile  dropped  in  and  with  the  4200- 
pound  hammer  operating  and  the  jets  kept  going  up  and  down  the 
pile  to  lubricate  it,  the  pile  would  be  driven  down  to  the  water 
surface,  wherever  that  was  at  the  time.  Then  the  hammer  and 
follower  cap  were  raised,  the  so-foot  follower  inserted,  the  follower 
cap  again  lowered,  and  the  pile  driven  and  jetted  to  full  depth. 
The  depth  reached  was  supposed  to  land  on  the  hardpan,  as  deter- 
mined by  running  the  jets  down,  although  it  was  very  uncertain 
as  to  whether  it  was  hardpan  or  very  compact  sand  or  gravel.  These 
piles  had  surface  enough  to  carry  over  85  tons  by  skin  friction. 
This  would  indicate  that  the  piles  had  about  twice  the  penetration 
necessary.  As  pier  No.  4  had  only  one  end  of  the  fixed  span  to 
carry,  90-foot  piles  were  used,  reaching  down  to  approximately 
elevation  —100.  None  of  the  piles  in  piers  Nos.  2,  3,  and  4  were 
cut  off  after  driving,  as  they  were  driven  with  the  follower  cap,  the 
head  of  the  pile  being  framed  to  fit  the  cap,  and  the  heads  found  to 
be  left  in  first-class  condition  by  cutting  off  some  samples  by  the 
aid  of  a  diver  (Fig.  143),  and  the  diver  making  an  examination  of 
the  balance.  The  reason  for  this  was  that  the  cribs  had  been  designed 
so  light  that  it  was  not  found  safe  to  pump  them  out  to  the  depth 
that  had  been  intended  originally,  and  they  were  finally  pumped 
out  only  down  to  about  elevation  ~io,  to  the  top  of  the  concrete 
put  in  by  the  tr^ie,  or  a  maximum  head  of  about  28  feet.  Addi- 
tional bracing  was  put  in  as  they  were  pumped  down,  so  as  to  make 
them  entirely  safe.  The  experience  gained  on  the  work  would 
indicate  that  the  cribs  should  have  been  made  of  not  less  than  14- 
inch  timbers,  and  the  cribs  large  enough  in  both  dimensions  to  have 
allowed  additional  bracing  during  sinking,  at  least  to  the  extent 
of  one  additional  set  longitudinally  and  transversely.  In  fact,  as 
the  piles  were  figured  to  carry  a  maximum  load  of  50  tons,  the  area 
of  the  cribs  should  have  been  very  much  larger,  in  order  to  allow 
a  greater  number  of  piling  and  to  reduce  the  load  on  the  piles  down 
^o  a  maximum  of  not  over  35  tons  per  pile. 

In  every  case  after  the  piles  had  been  driven,  it  was  found  that 
the  material  had  swelled  up  between  the  piles,  filling  in  the  caissons 
from  4  feet  in  some  instances,  to  about  9  feet  in  caisson  No.  3  where 
the  piles  were  driven  to  such  a  great  depth.  This  material  was 
removed  by  hydraulic  elevators  {Figs,   129  and  139)  working    in 
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among  the  piles,  at  the  rate  of  about  0.2  foot  per  hour,  each  hydraulic 
elevator  having  attached  to  it  a  water  jet  to  stir  up  the  material  in 
pier  No,  i,  but  a  separate  jet  in  piers  Nos.  2,  3,  and  4.  After  the 
material  was  all  cleaned  out  the  concrete  filling  was  deposited  under 
water  through  a  lo-inch  pipe  iremie  {Fig.  144)  up  to  about  elevation 
—  10.  After  alloft-ing  the  concrete  to  set  for  about  one  week,  the 
cribs  were  then  pumped  out  and  braced  as  the  water  was  lowered, 


and  the  balance  of  the  concrete  deposited  practically  in  the  dry. 
Where  any  water  was  encountered  from  leakage,  the  concrete  was 
poured  so  as  to  force  the  water  ahead,  and  not  run  any  risk  of 
washing  out  the  cement.  The  concrete  specified  to  be  deposited 
under  water  was  in  the  proportion  of  one  of  cement,  two  of  sand, 
and  three  of  clean  washed  gravel.  This  was  mixed  on  the  concrete 
scow  alongside  by  No.  3  Ransome  mixer,  driven  by  a  15-H.P, 
electric  motor.  The  mixer  dumped  into  a  bottom-dump  one-yard 
concrete  bucket  which  was  handled  from  the  muter  to  the  iremie 
hopper  by  a  steam  stifl-leg  derrick  on  the  same  scow. 
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This  tremie,  as  previously  stated,  was  made  up  of  lo-inch  flange- 
jointed  steel  pipe,  so  that  it  was  water  tight,  and  it  was  not  necessary 
to  keep  the  concrete  above  the  water  level,  as  is  necessary  with 


Fio.  144— Depositing  Concrete  through  Tr^ue,  Tacoha. 

riveted-pipe  Iremies    which  are    not   calked.    The  bottom  of  the  ' 
tremie  was  kept  buried  in  the  concrete  several  feet,  and  as  the  con- 
crete was  deposited  by  moving  the  trimte  around  and  lifting  it  up 
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slightly,  it  would  not  come  in  contact  with  the  water,  and  practi- 
cally no  washing  of  the  cement  occurred;  so  that  when  the  caissons 
were  pumped  out  and  the  concrete  examined,  it  was  (ound  to  be  of 
practically  uniform  texture,  and,  in  some  cases,  more  so  than  that 
deposited  in  the  dry.  After  an  experience  of  a  quarter  of  a  century 
in  handling  concrete,  the  author  would  not  hesitate  to  state  that 
under  competent  foremen  as  good — or  better — concrete  can  be  placed 
under  water  by  a  Iremie  of  this  sort  as  can  be  gotten  by  deposi- 
tion in  the  dry. 

The  concrete  that  was  placed  in  the  dry  was  in  proportion  of 
i~3~S.  th*  size   of   the   gravel  being  aj  inches  and    under.    The 


cement  was  specified  to  weigh  3S0  pounds  per  barrel,  and  each  sack 
was  considered  to  contain  i  cubic  foot.  These  proportions  were  not 
strictly  adhered  to,  as  it  was  found  necessary  to  vary  them  as  con- 
ditions changed  during  the  progress  of  the  work.  One  of  the  com- 
pleted piers  is  shown  in  Fig.  145- 

The  plant  used  on  the  work  consisted  of  the  following  floating 
equipment  and  tools: 

The  steam  tugboat  Miami,  65  feet  long  by  14  feet  8  inches 
beam. 

The  gasoline  tug  Sciolo  30  feet  long  by  0  feet  beam. 

Six  sand  and  gravel  scows  about  24X80X7  feet  deep. 
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One  derrick  barge  30X90X8  feet  with  ij-yard  Owen  bucket. 
(Fig.  146.) 

One  derrick  barge  28X80X8  feet  with  one-yard  Owen  bucket. 

One  power  scow  24X72X4.5  feet  with  duplex  pumps  and  boilers. 

One  floating  pile-driver  20X60X4  feet  with  65-foot  leads.  (Fig. 
147-) 

One  coal  scow  18X37X3.4  feet. 

One  cement  scow  21  X36X3.5  feet. 

Two  material  scows  about  25  X  75  X  7  feet. 

One  skid  driver  with  65-foot  leads. 


l''io.  146.— Owen  Bucket  on  Tacoua  Pieks. 

One  Ransome  concrete  mixer,  30  cubic  feet  capacity,  15-H.P. 
motor. 

The  hoist  engines  were  used  as  follows: 

Double-drum,  double  7X12  engine  with  120  H.P.  Scotch  boiler 
on  large  derrick  scow. 

One  double-drum,  double  7X10  hoist  engine,  on  small  derrick  scow. 

One  double-drum,  double  7  X 10  hoist  engine  on  the  concrete  scow. 

One  double-drum,  double  7X10  engine,  on  caisson  yard  derrick. 

One  double-drum,  double  7  X 10  hoist  engine  on  skid  driver. 

One  30-H.P.  locomotive  boiler,  and  two  locomotive  air-com- 
pressors in  caisson  yard. 
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The  power  scow  carried : 

One  80-H.P.  vertical  boiler. 

One  40-H.P.  vertical  boiler. 

One  30-H.P.  locomotive  boiler. 

One  12X7X10  duplex  pump. 

One  7jX4iX  10  duplex  pump. 

One  7  X4}  X 10  duplex  pump. 

The  other  large  items  of  the  plant  were: 

One  3-inch  hydraulic  elevator. 

One  4-inch  hydraulic  elevator. 


Fig.  147.— Floating  Driveb,  Tacoua. 

One  Sullivan  air  compressor  9X10X12,  with  40-H.P.  vertical 
boiler,  on  west  bank  adjacent  to  machine  shop  and  blacksmith  shop. 

One  Ransome  concrete  mixer  for  shore  work,  operated  by  lo- 
H.P.  electric  motor,  14  cubic  feet  capacity. 

One  6-inch  sand-pump,  with  direct-connected  8X7  steam  engine. 

One  6-inch  sand-pump,  with  gXg  vertical  belted  engine. 

Also  a  full  equipment  of  small  plant  and  tools. 

The  work  was  in  general  charge  of  a  Superintendent,  under  whom 
acted  the  Assistant  Suiwrintcndent,  who  was  also  the  Resident 
Engineer  for  the  contractors.     The  office  work  was  carried  on  under 
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the  direction  of  the  Resident  Engineer,  who  also  had  charge  of  the 
timekeepers,  material  man,  and  the  ordering  of  all  material  and 
supplies. 

Reporting  direct  to  the  Superintendent  were  the  caisson  foremen, 
dredge  foremen,  pile-driver  foremen,  carpenter  foremen,  concrete 
foremen,  tugboat  captains,  yard  foremen,  and  bridge  carpenter  fore- 
men and  steel  foremen.  < 

The  figures  given  for  skin  friction  on  the  sides  of  the  caissons 
during  the  sinking,  220  to  300  pounds  per  square  foot,  are  probably 
lower  than,  the  maximum  that  occurred,  inasmuch  as  it  was  impos- 
sible to  load  the  caissons  as  heavily  as  desired  to  accelerate  the  sink- 
ing, on  account  of  the  thin  walls  and  the  lack  of  sufficient  bracing. 

The  figures  given  by  various  authorities  for  the  skin  friction 
during  sinking  of  piers  are  so  various  as  to  be  of  little  service  in 
carrying  out  any  particular  work. 

The  friction  on  the  Roebling  East  River  bridge  caissons  was 
found  to  be  900  pounds  per  square  foot.  The  record  does  not 
state  the  exact  depth  or  the  character  of  the  material  in  which  this 
occurred,  but  the  air  pressure  would  indicate  the  depth  to  be  be- 
tween 40  and  50  feet. 

The  friction  on  some  brick  and  cement  cylinders  in  the  River 
Clyde  is  stated  to  be  about  1300  pounds  per  square  foot,  although 
the  depth  is  not  stated.  The  friction  on  cast-iron  cylinders  for  the 
Chittrivatri  bridge  is  given  at  280  to  450  pounds  per  square  foot 
through  33  feet  of  sand,  10  feet  of  clay,  7  feet  of  clay  and  sand,  and 
clay  and  boulders. 

Gaudard  states  that  the  friction  on  cast-iron  cylinders  will  reach 
as  high  as  2  or  3  tons  per  square  foot  at  small  depths,  and  from  4  to 
5  tons  at  a  depth  of  from  20  to  30  feet! 

From  these  figures  it  will  be  seen  the  published  data  is  very 
unreliable,  and  it  will  not  pay  to  take  up  space  by  giving  further 
figures  of  this  sort.  Where  the  values  are  to  be  used  as  part  of  the 
carrying  capacity,  they  cannot  safely  be  taken  in  excess  of  those 
given  in  table  herewith: 

Where,  however,  the  values  are  desired  as  a  guide  to  the  necessary 
loading  for  sinking  caissons,  they  may  be  taken  at  a  value  of  not 
less  than  twice  that  given  in  the  table,  and  will  very  often  reach 
to  four  or  five  times  the  values  given. 

The  fact  that  it  will  be  very  easy  in  any  important  case  to  make 
experiments,  either  separately  or  during  the  progress  of  the  work, 
to  determine  the  exact  amount  of  the  friction,  makes  it  obligatory 
for  the  engineer  to  carefully  examine  the  case  in  hand.    The  suction 
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outside  or  the  uplift  of  the  air  inade  very  often  enter  largely  into 
the  values  that  are  arrived  at,  and  great  care  must  be  taken  to 
avoid  being  misled  in  this  way.  On  the  other  hand,  with  pneumatic 
caissons,  the  released  air  coming  from  under  the  cutting  edge  will 
very  greatly  reduce  friction  on  the  sides  of  the  pneumatic  caissons, 
and  a  high  enough  result  cannot  be  obtained  unless  careful  con- 
sideration is  given  to  the  exact  conditions  and  circumstances  at  the 
time  the  experiment  is  made  or  the  figures  prepared. 

TABLE  XXL— FRICTION  ON  CAISSONS. 
Pounds  pes  Squabe  Foot. 


Depth  belov  Ground  Surface  in  Feet. 

JS 

SO 

7S 

100 

"S 

so 

300 

3SO 
450 

■75 
"5 
300 

SSO 

soo 

150 

3SO 

450 
55° 

"S 

»75 
400 
4SO 
Soo 
600 

ISO 

Clay  and  ordinary  gravel 

Soo 

SSO 
650 

HaidpaD  and  cemented  gravel . . . 

Most  probable  value  (rom  experiments,  provided  original  material   is  in  close  contact 
with  caisson.  Softer  material  may  have  replaced  it,  and  corresponding  value  must 

The  great  difficulty  of  properly  loading  a  caisson  with  only 
single  walls  unless  they  are  made  extra  heavy,  leads  to  the  conclusion 
that  except  for  very  small  caissons,  and  for  those  to  be  sunk  only  a 
short  depth,  they  should  be  made  with  double  walls  similar  to  the 
Northern  Pacific  pivot  pier,  Fig.  128,  so  that  they  can  be  loaded 
with  the  concrete  filling  that  will  remain  a  permanent  part  of  the  pier, 
and  thus  avoid  the  great  expense  and  trouble  of  temporary  loading. 
It  is  true  that  with  double-wall  cribs  they  must  be  sunk  to  a 
depth  where  the  need  of  piling  to  prevent  scour  will  be  avoided, 
and  in  this  case,  of  course,  the  caissons  will  have  to  be  large  enough 
in  plan  to  keep  within  proper  limits  of  bearing  for  the  character  of 
the  bottom  on  which  they  are  to  be  stopped,  taking  into  account,  of 
course,  friction  and  buoyancy. 


D.qit.zeaOvGoOt^lc 


CHAPTER  XI 

TIMBER    PNEUMATIC    CAISSONS 

The  construction  of  foundations  by  the  pneumatic  or  com- 
pressed-air process  is  tlie  most  reliable  method  for  important  founda- 
tions where  the  work  is  difficult  or  where  the  piers  are  to  be  carried 
down  to  great  depths,  with  a  limit  of  about  no  feet  below  the  sur- 
face of  the  water.  The  caissons  for  this  work  in  the  United  States 
are  almost  invariably  constructed  of  timber,  as  well  as  in  other  coun- 
tries where  timber  is  plenty,  -and  one  of  the  most  recent  examples 
of  this  kind  are  the  piers  for  the  double-track  bridge  for  the  Northern 
Pacific    Railway  over  the    Columbia    River    at  Vancouver,  Wn. 


Fig.  148,— Vancouver,  Wn.  Brhhje.    General  View. 

The  work  was  carried  out  under  the  general  charge  of  W,  L.  Darling, 
Chief  Engineer  of  the  Northern  Pacific  Railway,  from  the  designs  of 
Ralph  Modjeski,  Consulting  Bridge  Engineer  for  the  road.  The 
construction  was  carried  out  under  the  immediate  charge  of  B.  L. 
Crosby,  Member  of  the  American  Society  of  Civil  Engineers,  Resi- 
dent Manager,  who  had  an  efficient  corps  of  superintendents  and 
foremen. 

The  bridge  is,  as  stated,  a  double-track  structure  to  carry  the 
Spokane,  Portland  &  Seattle  Railway  over  the  Columbia  River  into 
Portland,    Ore.    The    structure    as  shown   in    Figs.  148  and    149 
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is  2806  feet  10  inches 
in  length,  consisting 
of  the  following  spans, 
beginningatthe  north 
end.  One  through 
fixed  span  189  feet  6 
inches  in  length;  one 
through  draw  446  feet 
10  inches  in  length; 
one  through  fixed 
span  374  feet  8  inches 
in  length;  six  through 
fixed  spans  269  feet  o 
inches  long;  and  one 
through  fixed  span 
162  feet  o  inches  long. 
The  foundation  for 
this  bridge  consists  of 
a  north  abutment 
built  in  an  open  exca- 
vation on  the  gravel 
bottom.  Pier  No.  i 
was  founded  on  a 
pneumatic  caisson 
26.27  fi^ct  below  low 
water;  pier  No.  2  was 
constructed  on  a  cais- 
son sunk  some  years 
before  to  a  depth  of  60 
feet  below  low  water; 
pier  No.  3  on  a  pneu- 
matic caisson  70.19 
feet  below  low  water; 
and  piers  Nos.  4  to  10 
inclusive  founded  on 
pneumatic  caissons 
from  70  to  80  feet 
below  low  water.  The 
type  of  these piersand 
caissons  is  shown  in 
Figs.  150,  151  and 
152.    The  last  pier, 
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which  is  also  common  to  the  viaduct  over  Hayden  Island,  Cs 
founded  on  piles.  The  caissons  were  21  feet  in  width  for  all  piers 
except  pier  No.  4,  which  was  23  feet  in  width;  had  a  unifonn  length 
of  59  feet  and  height  of  40  feet.  They  were  constructed  on  launching 
ways  {Fig.  153),  on  the  north  or  Washington  shore,  the  ways  having 
an  inclination  of  approximately  i^  inches  to  the  foot.  The  construc- 
tion of  these  and  the  cradle  are  plainly  shown  in  the  photograph. 

TlpcerCaiA^on.^  M  to  Xindasivc. 


JftUmai  XOeeZmtUm  CM, 

Fic.  130. — Caisson  fob  Vancouver,  Wn.,  Piers. 

After  being  completed  to  the  height  of  20  feet,  they  were  launched 
sidewise  and  towed  to  the  various  locations  and  landed  in  the  ordinary 
manner.  It  will  be  noted  that  the  coffer-dam  portion  of  the  cais- 
sons is  curved  on  the  up-stream  end  in  order  to  reduce  the  scouring 
action  of  the  current.  The  tops  of  the  cribs  were  mostly  fijced  at  an 
elevation  5  feet  below  low  water,  with  the  exception  of  piers  Nos. 
I  and  3,  where  the  tops  were  123  feet  below  low  water,  in  order  that 
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more  channel  room  would  be  provided.  The  square  caisson  of  pier 
No.  2  had  been  originally  sunk  in  about  1890  by  the  pneumatic 
process  down  to  the  gravel,  and  the  launching  ways  used  for  this 
were  found  to  be  in  such  excellent  condition  that  they  were  utilized 
for  the  caissons  of  the  present  bridge,  which  was  begun  early  in  1906. 

r 


Fic.  1500.— Plan  of  Vancouvek,  Wn.,  Caissons. 

All  the  caissons  from  i  to  4  inclusive  were  carried  down  to  the  gravel, 
as  shown  on  the  profile  in  Fig.  149,  while  those  from  6  to  10  inclusive 
were  carried  down  to  a  depth  believed  to  be  safe  from  any  future 
scouring  action. 

The  working  chamber  of  the  caissons  was  8  feet  6  inches  in  height, 
and  braced  transversely  with  three-brace  frames.     The  roof  of  the 


Fio.  ISO*. — MoRisoH  CnrriNn  F.dce. 

chamber  was  built  up  of  12X12  S.4S.  timber  with  calking  edges, 
for  the  first  layer,  then  a  second  course  of  3X12  S.4S.  with  calking 
seam,  and  a  third  course  of  3X12  S.4S.  with  calking  seam.  The  side 
and  end  walls  were  laid  up  of  J2X12  S.4S.  with  calking  seam  and 
fastened  together  with  iX34-inch  drift-bolts   every  2  feet.    The 
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outside  walls  of  the  caissons  were  of  12X12  3-4S.  with  calking  seams, 
drift-bolted  the  same  as  the  inside  walls,  and  were  sheeted  with  two 
layers  of  3X12  S.4S.  plank,  with  calking  seam,  the  inside  layer 
placed  diagonally  and  both  layers  spiked  on  with  |x8-inch  boat- 
spikes.  The  inside  of  the  working  chamber 
was  sheeted  with  2^X:2XS.4S.  plank, 
with  calking  seam  and  spiked  on  with 
fX8-inch  boat-spikes.  All  the  seams  were 
calked  with  two  threads  of  oakum.  The 
coffer-dams  were  built  up  to  a  height  of 
40  feet  of  12X12  walls  and  cribbing  as 
shown  in  Fig.  150,  and  above  this  with 
12X12  cribbing,  the  curved  ends  being  cut 
from  12X18.  The  outside  had  calking 
seams  and  was  calked  with  two  threads 
of  oakum  the  same  as  the  lower  portion. 

The  corners  of  the  upper  half  of  the 
rectangular  cribs  on  the  up-stream  side 
were  protected  with  steel-angle  plates 
{X48-inch,  drift-bolted  on  with  |x  7-inch 
countersunk  drifts.  The  angle  or  nose 
of  the  curved  up-stream  end  of  the  coffer- 
dam was  also  protected  against  abrasion 
by  steel  angle-plates  \  X48-inch,  drift- 
bolted  on.  No  metal  cutting  edge  was 
used,  but  a  4X8  oak  shoe  was  drift-boJted 
flat  on  to  the  bottom  timber  of  the  caisson. 
This  was  deemed  sufficient  for  the 
material  to  be  encountered,  although  for 
many  of  the  timber  caissons  used  in  other 
places  in  the  United  States,  elaborate  metal 
cutting  edges  similar  to  those  on  the  Forth 
bridge  were  employed.  The  details  of 
those  used  on  the  Union  Pacific  bridge 
Fio.  151.— End  Elevation,  ^^t  Omaha,  by  the  late  George  S.  Mori- 
Vancouvek  Pieks.  son,  Consulting   Engineer,  are   shown  in 

Fig.  1506. 
When  the  caissons  of  the  Columbia  River  bridge  had  been  launched 
and  located,  they  were  further  built  up,  filled  with  concrete  enough 
to  land  them,  and  concrete  was  deposited  during  sinking,  as  was 
found  necessary,  to  overcome  the  flotation  and  friction. 

The  sinking  of  the  piers  was  a  comparatively  easy  piece  of  work. 
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the  lowest  rate  of  sinking  being  in  gravel  and  boulders,  an  example  of 
which  is  the  bottom  5  feet  of  pier  No,  3  (Fig.  154),  which  occupied, 
from  May  12th  to  June  7th,  twenty-six  days,  or  an  average  of  only 
about  2j  inches  per  day.  Piers  Nos.  6  and  9  are  examples  of  rapid 
sinking,  the  maximum  being  about  5  feet  per  day. 

The  material  lock,  Figs.  155  and  155a,  is  shown  in  enough  detail 
10  require  no  explanation.  The  air-lock  for  the  workmen  constructed 
of  the  Morison  type,  was  used  on  four  of  the  caissons;  in  the  others,  . 
sections  of  the  36-inch  main  shaft  were  converted  into  air-locks  by 


Fig.  IS!. — Pier  A,  Vancouver  liRiucE. 

the  use  of  diaphragms,  containing  doors,  placed  between  adjoining 
sections  of  a  shaft. 

The  material  was  removed  by  the  wet  blow-out  process,  except- 
ing where  gravel  and  boulders  were  encountered  which  had  to  be 
hoisted  out.  The  Morison  sand-pump,  used  on  many  of  the  Mis- 
sissippi and  Missouri  River  bridges,  is  shown  in  Fig.  157,  and  should 
be  made  of  cast  steel. 

The  plant  on  this  work  consisted  of  the  following  boats,  scows, 
and  machinery: 
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The  steam  tug  Edith,  of  74  gross  tons,  length  78.7  feet,  beam 
17.7  feet,  depth  9.3  feet. 

Stem-wheel  tugboat  Metlako,  ig8  gross  tons,  122  net  tons,  length 
109  feet,  beam  24.4  feet,  depth  4.8  feet. 

Masonry  derrick  barge,  30X90X5  feet,  cost  S1900,  carrying  a 
10-ton  derrick  with  SjXio  Lidgerwood  engine,  and  Smith  concrete 
mixer.  No.  5  (old  No.). 

Caisson  derrick  barge,  30X80X6  feet,  carrying  a  5-ton  derrick 
with  7X12  Mundy  engine,  and  small  Chicago  pneumatic  air  com- 
pressor. 


Fig.  IS3- — Caisson  on  Launching  Ways,  Vancouver. 

Concrete  derrick  barge,  30X90X5  feet,  cost  $1900,  carrying  a 
7JX10,  and  a  7X12  Mundy  engine;  two  derricks,  each  5  tons,  and  a 
Smith  No.  5  (old  No.)  concrete  muter.     (Chapter  XXVI.)     (Fig.  156.) 

Pile-driver  on  scow,  22X70X4  feet,  cost  ^1045,  carrying  an  8}X 
10  Am,  Hoist  &  Derrick  Co,  engine,  and  a  No,  2  Vulcan  steam- 
hammer. 

Power  barge,  32X124X6  feet,  cost  $2850;  with  20X24^X24 
Ingersoll-Sargent  straight-line,  Class  A.  L.  P.  compressor;  a  laX 
12JX14  Ingersoll-Sargent  straight-line,  Class  A.  H.  P.;  a  loo-light 
(16  c.p.)  electric-light  plant,  6X6  Hilt  automatic  engine;  pressure 


D.qit.zeaOvGoOt^lc 


TIMBER  PNEUMATTO  CAISSONS 


< 

■ 

» 

> 

i^ 

tJ™ 

' 

i 

-  — 

-^ 



— 

— 



— 

— 

— 



— 

— 

i--- 

T^ 

"" 

3 

:  — 

= 

— 

~: 

;  = 

— 

~: 

I  — 

— 

z 

^l~~' 

T^» 

£? 

Iz: 

- 

~ 

z: 

— : 

z~ 

— 

--_ 

iH 

z: 

z 

r(  • 

1 : 

;z 

=    = 

Z  I 

=  = 

- 

- 

=  ■= 

OJ   J^ 

— 

=  ^ 

-  — 

— 

z 

z 

-- 

j5  535 

-- 

-- 

_ 

— 

—  - 

-- 

J 

-- 

Tift 

- 

-iC 

™  ^ 

^ 











— *« 

__, 

-f 

— 

— 

— 

— ■ 

^  1^ 

-^ 

— 

S) 

j__. 

5=^ 

--S3 

B*:^ 

j-  - 

-- 

— 

— 

-- 

"^ll 

— 

-^ 

t==  = 

-.^ 

J' 

^ 

32, 

feL 

si. 

^ 

1  —  = 

-^ 

I^/W 

-  - 

-- 

ii^ 

s«f  = 

=  — 

Sj_ 

~ 

--^ 

s^ 

|«r  t 

a  — 

r~ 

—  - 

~- 

— 

1 

^ 

M 

f 

f 

■"£ 



M 

^ 

-r 

■ 

1    ■■ 

M 

C 

=  1^ 

i 

:- 

H 

--_ 

;- 

- 

- 

b 

- 

1       : 

5S 

t- 

I- 

3 

^ 

^  Z 

S 

„■ 

~ 

t 

-» 

:s 

■^is- 

Br. 

jii- 

■^ 

^ 

^  = 

-[ 

4-- 

:  = 

- 

;- 

-J 

S£  ™ 

?i 

w= 

fL 

-^  r 

:  = 

t: 

E 

|-=J- 

-- 

t* 

IZ 

rzz 

m  [ 

ij  ^ 

Z 

— s 

W 

""»J 

—    J 

-  — 

1^ 

^l 

E 

— : 

n 

- 

1 

> 

zii 

i± 

"ii 

E 

_i. 

218  SUB-AQUEOUS  FOUNDATIONS 

pump,  8X6X12;  duplex  boiler-feed,  6X4X6;  three  80-H.P.  fire-box 
boilers. 

Power  barge,  32X124X6  feet,  cost  $2850;  with  20X24  high- 
pressure  Norwalk  compressor;  a  iso-light  {16  c.p.)  electric-light 
plant,  with  Westinghouse  18-H.P.  engine;  duplex  feed-pump,  6X4X6; 
duplex  pump,  7X4^X10;  two  old  locomotive  boilers. 


Fio,  1SS-— Material  Air-locks,  Vancoover,  Wn, 

Five  barges,  20X75,  depth  5  feet;  cost  of  three  $1140  each,  cost 
of  two  $1 189.40  each. 

Eight  barges,  24X92,  depth  5  feet;  cost  of  each  $1530. 

One  barge,  26X92,  depth  5  feet;  cost  of  barge  $1706.48. 

One  barge,  30X80X6  feet,  cost  second-hand  $1200. 
Shore  Plant: 

lo-ton  stone  yard  traveler. 

S-ton  derrick  for  caissons,  with  8j  X 10  Am.  H,  &  D,  Co.  ■ 
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a2-H.P,  Fairbanks-Morse  gasoline  compressor. 

lo-ton  derrick  on  deck,  with  8 J  X  lo  Lidgerwood  engine. 

S-ton  unloading  derrick,  with  yjxra  Mundy  engine,  and  i-yard 
Hayward  clam-shell. 

5-ton  portable  derrick,  with  7iXio  Mundy  engine,  and  a  No.  2 J 
Smith  mixer.     (Old  No.) 

Pile-driver  hoist  engine,  Mundy,  7X12. 

Steam  hammer,  Vulcan  No.  2. 

Pneumatic  caissons  cannot  be  considered  as  coming  strictly 
under  the  head  of  ordinary  foundations,  although  there  are  many 
cases  where  they  could  be  employed  much  more  cheaply  than  the 
methods  which  are  finally  adopted,  besides  assuring  a  first-class 
piece  of  work,  where  with  some  other  method  there  may  be  more 
or  less  guesswork  about  the  result  obtained.  In  the  construction 
of  an  ordinary  highway  bridge  at  Chillicothe,  Ohio,  in  1898,  after 
designs  by  the  author,  it  was  decided  by  the  engineer,  A.  W.  Jones, 
to  employ  pneumatic  caissons  in  founding  the  piers,  as  it  was  pos- 
sible to  let  the  contract  for  slightly  less  Uian  $13  per  cubic  yard  of 
caisson  and  crib,  or  not  very  much  in  excess  of  what  any  other  type 
o£  pier  would  have  cost.  One  of  these  piers  is  shown  in  detail  in 
Fig,  158,  carried  to  bed-rock,  30  feet  below  low  water.  The  caisson 
of  this  pier  was  7  feet  8  inches  in  width,  27  feet  8  inches  long  and 
6  feet  2  inches  high.  The  out-to-out  dimensions  were  12  feet  4 
inches  in  width  by  32  feet  4  inches  in  length.  The  sides  and  root 
of  the  caisson  were  2  feet  in  thickness,  built  up  of  12X12  timbers, 
each  course  being  fastened  to  the  one  below  with  drift-bolts  30  inches 
long  and  spaced  4  or  5  feet  centers.  The  two  courses  on  the  sides 
and  ends  were  firmly  fastened  together  by  two  rows  of  J-inch  bolts 
extending  through  both  courses.  The  two  bottom  layers  of  timber 
were  beveled  off  on  the  inside  to  form  a  4-inch  "  cutting  edge,"  this 
being  protected  by  a  2X6  plank  firmly  spiked  on,  which  was  very 
satisfactory,  as  all  the  timber  was  of  oak.  The  working  chamber 
was  divided  into  three  equal  "  pockets  "  by  three  tie-beams  dove- 
tailed into  the  sides  of  the  caisson.  The  roof  was  pierced  by  five 
holes;  4-inch  holes  near  each  end  for  the  "  blow-out "  pipes  and  an 
18-  and  a  20-inch  hole  in  the  center  "  pocket "  for  supply-pipe  and  , 
air-shaft.  Near  the  air-shaft  was  another  4-inch  hole  for  the  air- 
supply  pipe.  The  air-shaft  itself  was  formed  of  J-inch  boiler  iron 
thoroughly  riveted  and  calked  and  fastened  together  with  inside 
flanges  bolted  together  with  f-inch  bolts.  Supply-pipe  was  formed 
of  A-inch  plates,  and  was  similar  in  construction  to  the  air-shaft, 
except  that  the  flanges  were  on  the  outside.    The  inside  of  the  cais- 
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son  from  the  "  cutting  edge  "  to  the  roof  and  all  over  the  roof  was 
calked  carefully  in  each  joint  between  the  timbers  and  around  the 
bolt-heads.  Then  the  sheathing  was  put  on  and  this  was  thoroughly 
calked  (Fig,  159).  The  caissons  were  built  on  level  ways  on  the 
river  bank  (Fig.  160),  and  when  ready  for  launching  these  ways  were 
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Fic.  158.— Pneumatic  Caisson,  Csilucoihe,  Ohio. 

inclined  by  raising  the  inner  end,  and  the  launching  was  accomplished 
by  starting  the  caissons  with  tackle  until  they  slid  off  into  the  water. 
On  top  of  the  caissons,  cribs  were  built  of  12X12  timbers  with 
cross-ties  in  every  other  course  and  30-inch  drift-bolts  every  4  or  j 
feet.  This  was  sheathed  continuously  from  "  cutting  edge  "  to  the 
t(^.    After  grouting  the  deck  or  roof  of  the  caisson  several  feet  of 
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concrete  was  put  in  until  the  pier  became  heavy  enough  to  land  on 
the  bottom.  The  concrete  was  composed  of  i  part  of  Portland 
cement,  aj  parts  of  clean  sand,  and  5  parts  of  gravel,  and  the  con- 
tractor was  allowed  to  place  large,  clean  bowlders  in  each  layer. 


Fio.  ijg.— Cau^ino  Caisson  No,  1,  Chilucothe,  Ohio. 

The  plant  for  sinking  the  piers  consisted  of  a  double  compressor 
14X16X18,  run  by  a  1 20-horse-power  locomotive  boiler.  The  air- 
receiver  was  56  inches  in  diameter  and  15  feet  long,  while  the  lighting 
plant  consisted  of  a  115-volt  dynamo  of  9  amperes  capacity  run  by 
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a  vertical  engine.  In  addition  to  this  there  were  all  the  oecessary 
pumps,  hoisting-engines,  derricks,  and  the  like  for  carrying  on  the 
work.    A  3-inch  pipe  was  run  from  the  receiver,  along  the  river  bed, 


to  each  pier  and  connected  to  the  supply-pipe  by  a  flexible  joint. 
The  working  chamber  was  lighted  with  three  i6-c.p.  electric  lights, 
and  one  was  placed  in  each  section  of  the  air-shaft.    Work  was  begun 
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as  soon  as  the  air  was  turned  on,  by  working  two  shifts  of  ten  hours 
each.  The  "  sand-hogs,"  or  crews  of  men  employed  on  the  work, 
consisted  of  one  foreman,  two  blowpipe  feeders,  four  shovelers,  an 
inside  lock  tender  and  an  outside  lodt  tender.  The  material  was 
removed  by  means  of  ordinary  sand-pumps  and  was  discharged 
through  "  goosenecks  "  of  cast  iron  outside  the  pier,  these  "  goose- 
necks "  being  heavy  enough  to  stand  the  wear  for  a  considerable 
length  of  time.  AU  rock  too  la^e  to  send  out  through  the  pipes 
was  taken  out  through  the  air-shaft  in  sacks.  In  sinking  the  caisson 
all  material  was  cleaned  out  level  with  the  "  cutting  edge,"  then 
it  was  "  ditched  "  by  shoveling  several  inches  of  material  from  under 
the  "  cutting  edge  "  and  giving  a  "  blow  "  by  opening  one  of  the 
valves  and  letting  out  a  greater  part  of  the  air,  Reheved  of  the 
lift  of  the  compressed  air,  and  with  the  weight  of  the  concrete  on 
top,  the  caisson  settled  down  from  6  to  lo  inches  until  the  "  cutting 
edge  "  was  again  on  solid  gravel.  While  the  air  was  escaping,  the 
working  chamber  filled  with  water  and  would  frequently  be  two- 
thirds  full  when  done  "  blowing."  P^o  parricular  trouble  was  had 
in  sinking  the  piers  except  for  caisson  No.  i,  where,  at  a  depth  of  about 
20  feet  below  the  bed  of  the  river,  a  layer  of  bowlders  and  several 
coping-stones  from  one  of  the  old  piers  of  the  old  bridge,  which  was 
being  replaced,  were  encountered.  The  bed-rock  under  this  pier  was 
reached  at  43  feet  below  water  and  consisted  of  black  shale  and 
limestone  in  alternating  layers.  After  the  caisson  was  landed  the 
concreting  of  the  air-chamber  was  begun. 

To  concrete  the  air-chamber  a  2-inch  pif)e  connection  was  made 
from  the  air-pipe  to  a  point  just  below  the  top  flange  of  the  supply- 
pipe.  This  pipe  had  a  valve,  No.  i,  near  the  air-pipe,  and  another 
valve,  No.  2,  on  a  T  between  valve  No,  i  and  the  supply-shaft.  A 
top  door  opening  down  was  then  put  on  the  supply-shaft  and  the 
fastening  taken  off  the  lower  door.  A  batch  of  concrete  was  shoveled 
into  the  supply-pipe,  the  upper  door  pulled  up,  valve  No.  2  closed  and 
No.  I  opened.  This  put  compressed  air  in  the  supply-shaft,  and 
allowed  the  lower  door  to  equalize  open  and  the  concrete  fell  into 
the  working  chamber,  where  it  was  rammed  under  the  bevel  edges 
and  over  the  bottom  by  the  "  sand-hogs."  The  lower  door  was  then 
shut,  valve  No.  t  closed,  and  No,  2  opened,  allowing  the  compressed 
air  in  the  supply-shaft  to  equalize  out  and  the  top  door  to  open. 
The  process  was  repeated  until  the  chamber  was  filled  with  concrete 
and  barely  a  narrow  passageway  for  one  man  left  between  the  lower 
doors  of  the  supply-shaft  and  air-shaft.  The  lower  doors  were 
then  shut,  and  the  last  man  equalized  out.    A  regular  air  pressure 
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was  then  kept  on  tor  twelve  or  eighteen  hours,  until  the  concrete  set. 
The  air  was  then  turned  off,  and  the  shafts  filled  with  concrete  as 
quickly  as  possible.  As  soon  as  the  air  pressure  was  taken  off,  the 
lower  doors  dropped  and  the  space  left  in  the  working  chamber  also 
filled  with  concrete,  which  was  run  in  from  the  shafts.  This  finished 
the  foundation  from  bed-rock  to  above  low  water.  The  setting  of 
the  footing  courses  is  shown  in  Fig.  i6i,  and  the  completed  piers  and 
bridge  in  Fig.  i6ia. 


Fic.  i6i.— Setting  Footing  Courses  No.  a. 

The  above  account  is  taken  practically  verbatim  from  the  report 
of  A.  W.  Jones,  the  engineer  on  the  work,  to  whom  acknowledgment 
is  made. 


TABLE  XXIII.— 

UR  PRESSUEE  LBS.  PER  SQUARE  INCH.' 

(See  Chapter  XIII,) 

Depth. 

T^^. 

Depth. 

PreBun. 

Depth. 

Preuu™. 

30 

13 

100 

43 

170 

74 

40 

17 

no 

48 

iSo 

78 

SO 

S« 

190 

81 

60 

16 

:30 

56 

200 

87 

70 

30 

140 

61 

91 

80 

34 

ISO 

6S 

95 

90 

39 

160 

69 

J30 

*  The  rough  rule  used  by  divers  and  workmea  it  one  half  pound  of  air  per  vertical  foot. 
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The  subject  of  caisson  disease,  or  bends,  has  been  very  fully 
treated  in  a  paper  by  Henry  Japp,  Member  of  the  American  Society 
of  Civil  Engineers,  in  the  Transactions  of  the  American  Society  of 
Civil  Engineers,  Vol.  LXV.,  who  was  Managing  Engineer  for  S. 
Pearson  &  Sons,  on  the  Pennsylvania  Railway  tunnels  under  East 
River  at  New  York  City.  There  were  as  many  as  lo  tunnel  headings 
being  worked  at  the  same  time,  and  a  very  rare  opportunity  was 
afforded  of  studying  the  question. 


Fic.  i6ra.— Scioto  River  Bkidce,  Piers  Coupleted. 

The  old  theory  was  that  the  nitrogen  from  the  air  was  dissolved 
in  the  blood,  but  later  studies  show  that  it  was  due  to  a  mechanical 
action  by  the  dissolved  air  in  the  blood  and  tissues  being  liberated 
in  the  body  in  the  form  of  bubbles,  which  expanded  and  tore  the 
tissues,  injured  the  spinal  cord,  brought  about  pressure  on  the  brain, 
and  frothed  up  the  blood,  slowing  up  or  stopping  the  circulation 
and  heart  action.  The  most  satisfactory  cure  has  been  found  to  be 
slow  decompression,  and  a  medical  air-lock  similar  to  Fig.  163  is, 
or  should  be,  employed  on  all  compressed-air  work  where  the  pressure 
exceeds  29  pounds  per  square  inch,  so  that  those  suffering  from 
bends  can  be  placed  in  a  medical  lock  under  pressure,  and  by  slow 
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decompresaon  relieved  or  practically  cured.  To  effect  this  decom- 
pression, and  to  properly  ventilate  the  medical  lock,  the  decompres- 
sion valve,  Fig.  164,  is  used.  It  was  found,  however,  that  if  the  men 
were  not  allowed  to  come  out  of  the  compressed  air  too  quickly, 
that  the  number  of  men  suffering  from  beads  was  practically  none 


Fig.  162. — Blowng  on  Pneumatic  Caisson,  Chilucothe. 

at  all.  The  decompression  valve  for  use  on  the  air-locks  (Fig.  165), 
required  the  men  to  take  15  minutes  to  give  uniform  decompression 
from  35  pounds  to  atmospheric  pressure,  the  one  for  the  medical 
lock  requiring  i  hour  for  35  pounds  pressure.  T.  Kennard  Thomson, 
Member  of  the  American  Society  of  Civil  Engineers,  in  discussing 
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this  paper  states  that  the  use  o!  the  electric  battery  will  often  cure 
the  patient  by  the  electric  shocks  after  recompression  has  failed, 
although  it  is  not  nearly  so  reUable. 

This  has  become  a  matter  of  so  much  moment  that  the  State 
of  New  York  has  placed  a  law  on  its  statute  books  on  the  subject 
which  is  given  at  length,  although  it  does  not  entirely  meet  with  the 
approval  of  many  experienced  in  the  use  of  compressed  air. 

Section  134a.  HouBS  of  Labor.  All  work  in  the  prosecution 
of  which  tunnels,  caissons  or  other  apparatus  or  means  in  which 
compressed  air  is  employed  or  used  shall  be  conducted  subject  to  the 
following  restrictions  and  regulations:  When  the  air  pressure  in 
any  compartment,  caisson,  tunnel  or  place  in  which  men  are  employed 
is  greater  than  normal  and  shall  not  exceed  21  pounds  be  square 
inch,  no  employee  shall  be  permitted  to  work  or  shall  remain  therein 
more  than  eight  hours  in  any  34  hours  and  shall  only  be  permitted 
to  work  under  such  air  pressure  provided  he  shall,  during  said 
period,  return  to  the  open  air  for  an  interval  of  at  least  30  consecu- 
tive minutes,  which  interval  his  employer  shall  provide  for.  When 
the  air  pressure  in  any  compartment,  caisson,  tunnel  or  place  in 
which  men  are  employed  is  greater  than  normal  and  shall  equal 
22  pounds  and  does  not  exceed  30  pounds  per  square  inch,  no  employee 
shall  be  permitted  to  work  or  remain  therein  more  than  six  hours, 
such  ax  hours  to  be  divided  into  two  periods  of  three  hours  each 
with  an  interval  of  at  least  one  hour  between  each  such  period. 
When  the  air  pressure  in  any  such  compartment,  caisson,  tunnel  or 
place  shall  exceed  30  pounds  and  shall  not  equal  35  pounds  per 
square  inch,  no  employee  shall  be  permitted  to  work  or  remain 
therein  more  than  four  hours,  such  four  hours  to  be  divided  into 
two  periods  of  two  hours  each,  with  an  interval  of  at  least  two  hours 
between  each  such  period.  When  the  air  pressure  in  any  such 
compartment,  caisson,  timnel  or  place  shall  equal  35  pounds  and  shall 
not  exceed  40  pounds  per  square  inch,  no  such  employee  shall  be 
permitted  to  work  or  remain  therein  more  than  three  hours  in  any 
24  hours,  such  three  hoiu^  to  be  divided  into  periods  of  not  more  than 
one  and  one-half  hours  each,  with  an  interval  of  at  least  three  hours 
between  each  such  period;  when  the  air  pressure  in  any  such  com- 
partment, caisson,  tunnel  or  place  shall  equal  40  pounds  and  shall  not 
equal  45  pounds  per  square  inch,  no  employee  shall  be  permitted 
to  work  or  remain  therein  more  than  two  hours  in  any  24  hours, 
such  two  hours  to  be  divided  into  periods  of  not  more  than  one  hour 
each,  with  an  interval  of  at  least  four  hours  between  each  such 
period;  when  the  air  pressure  in  any  such  compartment,  caisson. 
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tunnel  or  place  shall  equal  45  pounds  per  square  inch  and  shall  not 
exceed  50  pounds  per  square  inch,  no  employee  shall  be  permitted  to 
work  or  remain  there  more  than  90  minutes  in  any  24  hours  and  such 
90  minutes  to  be  divided  into  periods  of  45  minutes  each,  with  an 
interval  of  not  less  than  five  hours  between  each  such  period;  no 
employee  shall  be  permitted  to  work  in  any  compartment,  cabson, 
tunnel  or  place  where  the  pressure  shall  exceed  50  pounds  per  square 
inch,  except  in  case  of  emergency.  No  person  employed  in  work 
in  compressed  air  shall  be  permitted  by  his  employer  or  by  the 
person  in  charge  of  said  work  to  pass  from  the  place  in  which  the  work 
is  being  done  to  atmosphere  of  normal  pressure,  without  passing 
through  an  intermediate  lock  or  stage  of  decompression,  which 
said  decompression  shall  be,  where  the  work  is  being  done  in  tunneb, 
at  the  rate  of  three  pounds  every  two  minutes  unless  the  pressure 
shall  be  over  36  pounds,  'm  which  event  the  decompression  diall  be 
at  the  rate  of  one  pound  per  minute;  and  which  said  decompression 
shall  be,  where  the  work  is  being  done  in  caissons,  at  the  following 
rates: 

Where  the  pressure  is  not  over  to  pounds  per  square  inch  the 
time  of  decompression  shall  be  one  minute;  when  pressure  is  over 
10  pounds,  but  does  not  exceed  15  pounds,  the  time  of  decompres^on 
shall  be  two  minutes;  when  pressure  is  over  15  pounds,  but  does  not 
exceed  20  pounds,  the  time  of  the  decompression  shall  be  five  minutes; 
when  pressure  is  over  20  pounds,  but  does  not  exceed  25  pounds, 
the  time  of  decompression  shall  be  10  minutes;  when  pressure  is  over 
25  pounds,  but  does  not  exceed  30  pounds,  the  time  of  decompression 
shall  be  12  minutes;  when  pressure  is  over  30  pounds,  but  does  not 
exceed  36  pounds,  the  time  of  decompression  shall  be  15  minutes; 
when  pressure  is  over  36  pounds,  but  does  not  exceed  40  pounds, 
the  time  of  decompression  shall  be  20  minutes;  when  pressure  is 
over  40  pounds,  but  does  not  exceed  50  pounds,  the  time  of  decom- 
jM^ssion  shall  be  25  minutes. 

All  necessary  instruments  shall  be  attached  to  all  caissons  and 
air-locks,  showing  the  actual  air  pressure  to  which  men  employed 
therein  are  subjected,  and  which  instruments  shall  be  accessible 
to  and  in  charge  of  a  competent  person  who  shall  not  be  employed 
more  than  eight  hours  in  any  24  hours. 

Section  1346-  Medical  Attendance  and  Regulations.  Any 
person  or  corporation  carrying  on  any  tunnel,  caisson  or  other  work 
in  prosecution  of  which  men  are  employed  or  permitted  to  work  in 
compressed  air,  shall,  while  such  men  are  sc  employed,  also  employ 
and  keep  in  employment,  one  or  more  duly  qualified  persons  to 
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act  as  medical  officer  or  officers  who  shall  be  in  attendance  at  all 
necessary  times  while  such  work  is  in  pn^ess,  and  whose  duty  it 
shall  be  to  administer  and  strictly  enforce  the  foUowing: 

(a)  No  person  shall  be  permitted  to  work  in  compressed  air  until 
after  he  shall  have  been  examined  by  such  medical  officer  and  reported 
by  such  officer  to  the  person  in  charge  thereof  as  found  to  be  qualified, 
physically,  to  engage  in  such  work. 

{b)  In  the  event  of  absence  from  work,  by  an  employee  for  lo 
or  more  successive  days  for  any  cause,  he  shall  not  resume  work  until 
he  shall  have  been  re-examined  by  the  medical  officer  and  his  physical 
condition  reported,  as  hitherto  provided,  to  be  such  as  to  permit 
him  to  work  in  compressed  air, 

(c)  No  person  known  to  be  addicted  to  the  excessive  use  of  intoxi- 
cants shall  be  permitted  to  work  in  compressed  air. 

(d)  No  person  not  having  previously  worked  in  compressed  air 
shall  be  permitted  during  the  first  24  hours  of  his  employment  to 
work  for  longer  than  one-half  a  day  period  as  provided  in  Section 
1340;  and  after  so  working  shall  be  re-examined  and  not  permitted 
to  work  in  a  place  where  the  pressure  is  in  excess  of  15  pounds  unless 
his  physical  condition  be  reported  by  the  medical  officer,  as  here- 
tofore provided,  to  be  such  as  to  qualify  him  for  such  work, 

(e)  After  a  person  has  been  employed  continuously  in  com- 
pressed air  for  a  period  of  three  months  he  shall  be  re-examined 
by  the  medical  officer  and  he  shall  not  be  allowed,  permitted  or 
compelled  to  work  until  such  examination  has  been  made  and  he 
has  been  reported,  as  heretofore  provided,  as  physically  qualified 
to  engage  in  compressed-air  work. 

(/)  The  said  medical  officer  shall  at  all  times  keep  a  complete 
and  full  record  of  examinations  made  by  him,  which  record  shall 
contain  dates  on  which  examinations  were  made  and  a  clear  and  full 
description  of  the  person  examined,  his  age  and  physical  condition 
at  the  time  examined,  also  the  statement  as  to  the  time  such  person 
has  been  engaged  in  like  employment, 

(g)  Properly  heated,  lighted  and  ventilated  dressing  rooms  shall 
be  provided  for  all  employees  in  compressed  air,  which  shall  contain 
lockers  and  benches  and  shall  be  open  and  accessible  to  the  men 
during  the  intermission  between  shifts.  Such  rooms  shall  be  pro- 
vided with  baths,  with  hot-  and  cold-water  service  and  a  proper  and 
sanitary  toilet. 

(h)  A  medical  lock  shall  be  established  and  maintained  in  con- 
nection with  all  work  in  compressed  air  when  the  maximum  pressure 
exceeds  17  pounds  as  herein  provided.    Such  lock  shall  be  kept 
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properly  heated,  lighted  and  ventilated  and  shall  contain  proper 
medical  and  surgical  equipment.  Such  lock  shall  be  in  charge  of  a 
certified  trained  nurse  selected  by  the  medical  officer,  who  shall  be 
qualified  to  render  temporary  relief. 

(i)  Whenever  in  the  prosecution  of  caisson  work,  in  which  com- 
pressed air  is  employed,  the  working  chamber  is  less  than  lo  feet  in 
length  and  when  such  caissons  are  at  any  time  suspended,  or  hung, 
while  work  is  in  progress,  so  that  the  bottom  of  the  excavation  is 
more  than  nine  feet  below  the  deck  of  the  working  chamber,  a 
shield  shall  be  erected  in  the  working  chamber  for  the  protection  of 
the  workmen. 

(y)  Whenever  in  the  prosecution  of  work  in  which  compressed 
air  is  employed,  a  shaft  is  used,  all  such  shafts  shall  be  provided 
with  a  safe,  proper  and  suitable  ladder  for  its  entire  length. 

(A)  Wherever  in  the  prosecution  of  work  in  tunnels,  caissons 
or  other  apparatus  or  means  in  which  compressed  air  is  employed 
or  used,  lights  other  than  electric  lights  are  used,  the  said  lights 
shall  at  all  times  be  guarded. 

(/)  All  j>assage  ways  in  work,  wherein  compressed  air  is  employed 
or  used,  shall  be  kept  clear  and  properly  lighted. 
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STEEL    PNEUMAllC    CAISSONS,    FORTH    BRIDGE* 

The  metal  coffer-dams  used  on  two  of  the  Inchgarvie  piers  of 
the  Forth  Bridge  have  been  described  in  Chapter  VIII,  and  this 
chapter  will  cover  a  description  of  the  steel  pneumatic  caissons 
used  on  the  work.  The  foundations  and  masonry  for  the  bridge  were 
given  special  attention  by  Sir  John  Fowler,  as  work  of  this  character 
had  been  his  especial  forte  during  the  many  years  of  his  wide  practice 
on  British  engineering  work  in  all  parts  of  the  world. 

The  bridge  (Fig.  i66)  is  slightly  over  one  and  one-half  miles 
long,  consisting  of  fifteen  spans  i68  feet  long,  two  shore  arms  689 
feet  9  inches,  two  main  spans  1710  feet,  two  towers  145  feet,  one 
tower  260  feet,  six  masonry  approach  spans  and  two  abutments. 

The  contract  for  the  work  was  let  on  December  21,  1882,  to 
Tancred,  Arrol  &  Co.,  and  they  in  turn  let  the  contract  for  the 
pneumatic  caissons  to  RI.  Coiseau,  of  Paris  and  Antwerp,  who  had 
large  numbers  of  men  experienced  on  the  pneumatic  work  of  the 
Antwerp  Harbor  construction. 

The  six  piers  sunk  by  compressed  air  were  the  southernmost 
ones  at  Inchgarvie  and  those  at  Queensferry.  The  caissons  were 
built  on  launching  ways  (Fig.  167)  on  the  sloping  shore  on  the  south 
side  of  the  Estuary,  the  metal-wovk  having  been  fabricated  at  the 
Dalmarnock  Iron  Works  in  Glasgow.  The  iron-work  was  assembled 
and  riveted  on  the  ways,  which  had  a  slope  of  about  i.i  ins.  to  12 
ins.,  and  after  launching  the  caissons  were  towed  to  their  locations. 
(Fig.  168.)  The  material  of  the  caissons  was  of  the  sizes  shown  in 
Figs.  169,  169a  and  169&,  the  bottom  courses  or  cutting  edge  being 
of  J-inch  plates  and  the  upper  courses  of  |-inch  plates.  The  diam- 
eter of  the  steel  shells  was  70  feet  for  all  six  piers,  the  height  of  the 
working  chamber  7  feet,  and  the  total  height  of  the  caissons  from  50 
feet  to  60  feet.  The  shells  were  stiffened  with  angle  irons,  and  the 
inner  and  outer  shells  latticed  with  angle  bracing.     The  roof  of  the 

"The  steel  pneumatic  caissons  used  on  the  Antwerp  Quay  Wall  are  fully  described  in 
Chapter  XXIX,  and  should  be  carefully  studied. 
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working  chamber  was  supported  by  four  lattice  girders  i8  feet  in 
depth,  as  shown  on  Fig.  i6qb,  and  by  thirteen  plate  girders  of  4  feet 
depth  at  right  angles  to  these  deep  ones.  The  cutting  edge  is  shown 
more  in  detail  in  Fig.  170,  which  also  shows  the  triangular  knee 
bracing. 

The  surveys  for  the  caissons,  including  accurate  soundings,  were 
made  from  a  circular  raft  10  feet  wide  (Fig.  171)  moored  over  the 
site  of  each  caisson  separately,  being  shifted  around  so  that  the  area 
for  about  50  feet  outside  of  each  one  was  mapped.  The  piers  at 
Inchgarvie  being  on  sloping  rock,  it  was  decided  to  level  up  the 
bottom  before  landing  the  caisson,  and  two  rectangular  piers  were 
formed  of  concrete  in  bags  {Fig.  172)  and  these  surrounded  with 
sand-bags  to  make  a  tight  closure  between  the  cutting  edge  of  the 
pier  and  the  bottom. 


Fic.  167. — Launcbing  Ways,  Forth  Bkidce  Caissons. 

The  placing  of  these  bags  was  accomplished  by  divers,  and  they 
were  continuous  around  the  circumference,  except  in  several  places 
where  openings  were  left  for  the  air  to  escape  and  for  the  discharge 
of  debris  during  the  sinking.  The  caissons  were  provided  with 
three  shafts  3  feet  6  inches  in  diameter,  two  for  material  and  one 
for  the  workmen.  There  were  also  provided  three  6-inch  pipes 
for  the  introducing  of  water  under  pressure  ^nd  also  air-pipes  and 
discharge-pipes . 

The  air-locks  were  of  the  type  shown  in  Fig,  173,  of  circular  form, 
and  two  entrance  doors  to  the  lock  from  the  outside  and  two  doors 
giving  access  to  the  ladders  in  the  shaft.  The  height  of  the  locks 
was  6  feet  and  the  diameter  7  feet,  setting  on  and  fastened  to  the 
shaft,  which  was  made  up  of  lengths  of  8  feet  and  connected  together 
with  angle  flanges. 

The  material  locks  are  shown  in  Figs.  174, 1740  and  1746,  and  were 
attached  to  the  shafts  as  shown  with  sliding  doors  at  the  top  and 
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HALF  PLAN  ON   LINE  C-C 


Figs.  1690  and  169*. — Metal  Caisson  Details,  Forth  Bridge, 
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bottom,  which  were  worked  by  hydraulic  rams.    There  was  an  in- 
terlocking device,  making  it  impossible  to  open  both  doors  at  the 
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Fig.  170. — Cutting  Kdce  fob  Caisson. 

same  time.  The  engines  for  hoisting  the  material  and  the  worm 
gearing  are  sufficiently  shown,  so  as  not  to  require  explanation. 
The  inlet  and  outlet  valves  of  the  chamber  were  large  and  it  was  not 


Fig.  171.— Surveying  Raft,  Forth  Bridge  Piers. 

necessary  to  make  the  change  of  pressure  slowly,  as  no  men  were 
allowed  to  enter  or  leave  the  locks  by  this  way. 

The  valves  on  the  lock  for  the  workmen  were,  however,  of  small 
size,  so  that  the  change  of  pressure  on  entering  or  leaving  could  be 
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made  gradually  and  no  danger  to  the  men  result.  On  one  occasion 
the  rubber  gasket  on  one  of  the  outer  doors  blew  out,  with  one  man 
in  the  lock,  and  the  sudden  change  of  pressure  in  less  than  two 
minutes  caused  bleeding  from  the  ears,  nose  and  mouth,  and  severe 
pains  in  the  limbs,  but  as  he  was  a  strong,  healthy  man,  he  fully 
recovered.     The  men  working  under  pressure  were  required  to  be 
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Forth  Bhxiwe  Caissons. 


sober,  in  good  health,  free  from  lung  trouble  or  gastric  weakness. 
The  only  two  men  who  died  were  found  to  have  been  aheady  con- 
sumptive when  they  began  working  in  the  caissons. 

The  same  bad  effects  were  observed,  as  already  referred  to  in 
Chapter  XI,  where  a  discussion  of  caisson  disease  is  given.  The 
caissons  were  fitted  with  electric  lights  and  everything  possible 
done  for  the  convenience  of  the  men  and  for  expediting  the  work. 
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The  Queensferry  jetty  when  completed  had  four  recesses  left 
for  receiving  the  caissons,  and  when  they  were  in  place  they  were 
retained  by  heavy  dolphins,  and  strong  chains  provided  to  attach  to 
lugs  on  the  steel  shells.  There  were  also  provided  additional  ropes 
and  cables  for  fastenings  in  case  of  emergency. 

Previous  to  launching,  all  joints  in  the  roof  and  sides  of  the  caisson 
were  thoroughly  calked,  and  concrete  filled  in  to  a  depth  of  about 
S  feet  over  the  roof,  making  a  total  weight  for  launching  of  about 
400  tons.  The  launching  ways  had  been  laid  on  concrete  blocks,  at 
an  inclination  of  i.i  to  12  as  already  stated,  and  the  caisson  had  been 


Fic.  174.— Materul  Lock,  Forth  Bridge. 

lowered  down  when  the  weight  reached  about  300  tons,  to  within 
about  a  foot  of  the  cradle  (Fig.  167),  as  much  of  the  cutting  edge 
and  roof  being  supported  directly  from  .the  cradle  as  was  possible. 
When  all  was  ready  for  launching  the  points  of  contact  between 
the  cradle  and  the  caisson  were  as  carefully  adjusted  as  possible, 
the  cradle  weighted  with  iron  to  hold  it  on  to  the  ways  when  the 
caisson  had  floated,  then  finally  at  or  near  the  time  of  high  water 
the  caissons  were  set  in  motion  by  a  12-inch  hydraulic  jack  and 
launched,  drawing  from  9  feet  6  inches  to  10  feet  6  inches  of  water. 
They  were  then  towed  to  the  jetty  to  receive  the  additional  concrete, 
brickwork,  and  all  the  machinery  for  sinking,  which  made  the 
weight  ready  for  landing  about  2900  tons.    This  was  made  up  of  the 
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launcliing  weight  of  46a  tons;  two  tiers  of  temporary  caisson  or 
coffer-dam,  65  tons;  air  locks,  shafts  and  machinery,  35  tons;  timber 
fioors  and  staging,  50  tons;  concrete,  1420  tons;  and  brickwork,  805 
tons — making  a  draft  of  31  feet. 

The  air  compressors  used  in  sinking  were  of  the  ordinary  English 
type,  with  two  horizontal  coupled  engines,  acting  directly  upon  a 
pair  of  double-acting  air  cylinders.  These  consisted  of  two  pairS  of 
i6j-inch  diameter  by  24-inch  stroke  cylinders;  three  pairs  of  12-inch 
diameter  by  24-inch  stroke,  all  driven  by  60  pounds  steam  pressure. 
The  air  cylinders  were  water-jacketed  and  the  compressors  at  various 
speeds  gave  the  air  pressures  required  for  different  depths  and  con- 
ditions, the  maximum  used  being  37  pounds  per  square  inch  on  one 
of  the  Inchgarvie  caissons.  The  compressors  for  the  rock  drills 
were  separate  and  delivered  air  at  70  pounds  pressure,  but  giving 
inside  the  working  chamber  only  the  difference  between  this  and 
the  pressure  on  the  caissons. 

The  sinking  of  the  Queensferry  caissons  through  the  soft  material 
was  accomplished  without  any  particular  difficulty,  except  for  the 
northwest  caisson,  which  underwent  a  bad  accident  as  it  was  landed 
for  sinking,  and  which  will  be  described  later. 

The  air  shaft  and  the  working  chamber  underneath  was  first 
cleared  of  mud,  as  soon  as  the  caisson  had  been  landed,  and  great 
care  had  to  be  exercised  to  preserve  the  bouyancy,  as  there  was 
nothing  else  to  prevent  the  caisson  from  sinking  in  the  mud  and 
smothering  the  men.  The  greatest  trouble  from  this  source  was  at 
low  tide,  as  the  displacement  was  less  at  this  time,  and  as  the  cutting 
edge  rested  upon  such  soft  material  the  men  were  withdrawn. 

The  soft  material  was  removed  through  the  ejectors,  by  first 
forming  a  basin  or  sump,  into  which  water  was  turned  from  the 
supply  pipes,  to  make  the  material  more  fluid.  The  workmen  intro- 
duced one  of  the  ejector  pipes,  letting  in  the  proper  amount  of  air 
so  that  the  mud  was  carried  along  through  the  pipe  and  discharged 
outside  the  caisson.  This  was  due  to  the  velocity  of  the  air  being 
so  much  greater  than  the  velocity  of  water  would  have  been,  although 
the  actual  pressure  of  the  air  was  only  equal  to  the  head  of  water 
outside.  It  required  much  care  and  experience  on  the  part  of  the 
men  to  keep  the  supply  of  air  just  right  to  keep  the  material  moving, 
and  even  then  the  discharge  was  not  continuous,  but  pulsating, 
sometimes  a  light  stream  and  then  masses  of  material.  (Fig.  175.) 
This  process  worked  satisfactorily  until  the  hard  material  was 
reached  and  some  other  method  had  to  be  resorted  to  for  the  removal 
of  the  clay  and  boulder  clay.     Powder  and  dynamite  were  tried 
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without  satisfactory  results,  and  it  became  necessary  to  try  some 
sort  of  an  excavator. 

The  hydraulic  spade  (Fig.  176)  was  employed  as  devised  by  Mr. 
Arrol.  This  was  operated  by  the  water  pressure  from  the  pipes, 
of  1000  pounds  per  square  inch,  less  the  pressure  of  air  in  use  at  the 
time.  With  the  spade  set  on  the  ground  by  two  men  and  the  head 
against  the  roof  of  the  caisson,  air  was  turned  on  and  a  sHce  was  cut 
off  up  to  4  inches  thickness  and  to  a  depth  of  16  to  18  inches.  These 
slices  very  often  had  to  be  broken  to  put  the  material  into  the  skips 
for  removal  and  any  large  boulders  loosened  had  to  be  blasted  for 
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Fic.  1 75 .—Excavating  and  Discharging  Material  ^roh  Caisson. 

removal  or  left  in  the  caisson  to  be  concreted  in  when  the  sinking 
was  completed.  Where  the  spade  was  operated  at  an  angle  in 
digging  out  under  the  cutting  edge,  the  rivet  heads  in  the  roof  served 
to  keep  the  head  of  the  spade  from  kicking  out.  The  material  was 
gradually  removed  from  under  the  cutting  edge  until  it  would  not 
sustain  the  weight  of  the  caisson  and  it  gradually  settled  into  the 
day,  when  more  weight  of  concrete  would  be  added  above. 

After  the  caisson  had  gotten  well  into  the  clay,  the  water  pressure 
from  above  sealed  the  clay  against  the  shell  and  it  was  "only  necessary 
to  carry  from  15  to  18  pounds  air  pressure,  although  the  depth  (^ 
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89  feet  called  for  a  pressure  of  39  pounds  to  resist  the  head  of  water 
outside;  this  reduction  of  the  working  pressure  made  it  much  easier 
working  for  the  men,  and  saved  very  materially  the  machinery  used 
in  the  sinking  and  excavation. 

The  position  of  the  caissons  was  watched  very  closely  day  by 
day  and  checked  up  carefully  every  few  days.  If  they  were  found 
to  be  out  of  place  the  cutting  edge  would  be  undercut  on  the  side 
toward  which  the  caisson  had  traveled,  thus  tilting  the  entire  caisson 
in  that  direction  and  then  sunk  for  some  distance  in  that  position. 
Then  the  high  side  would  be  undercut  to  bring  the  caisson  back  to 
level  and  position.  The  batter  of  the  sides  of  the  shell  materially 
assisted  in  this,  and  it  is  believed  that  a  still  greater  batter  would 
have  been  of  greater  assistance. 

The  greatest  record  for  excavation  for  a  gang  of  twenty-seven 
men,  two  shifts,  working  twenty-four  hours  with  the  hydraulic 
spades,  was  a  bucket  full  every  five  minutes  or  over  5  cubic  yards  for 
each  man  in  twelve  hours.  This  would  mean  about  270  yards  per 
day,  or  with  145  yards  to  excavate  per  vertical  foot,  a  maximum 
sinking  of  about  1.8  feet  per  day,  which  is  of  course  very  much 
above  the  average  shown  in  the  table. 

When  the  caissons  had  reached  their  final  positions  in  the  boulder 
clay,  the  working  chamber  was  entirely  cleared  and  made  ready 
for  concreting.  Doors  opening  downwards  were  attached  to  the 
lower  ends  of  the  material  shafts,  the  air  locks  removed  and  18-inch 
tubes  with  air  valves,  carried  up  to  the  concrete  misers.  With  the 
lower  door  closed,  concrete  was  shoveled  in  until  the  lube  was  nearly 
full,  the  air  pressure  turned  on,  the  bottom  door  opened  and  the  con- 
crete allowed  to  drop  into  the  chamber. 

The  men  then  proceeded  to  convey  it  to  the  sides  and  tamp  it 
firmly  under  the  cutting  edges,  and  as  the  filling  progressed,  to  tamp 
it  under  the  roof.  When  the  chamber  was  full,  the  shafts  were 
filled,  and  neat  cement  grout  run  in  to  fill  up  all  crevices. 

Then  the  shells  were  filled  up  in  the  open,  up  to  the  level  for  the 
beginning  of  the  granite  masonry. 

The  sinking  and  filling  of  the  two  Inchgarvie  caissons  was  carried 
out  on  the  same  general  lines,  except  that  the  excavation  was  in  rock 
on  one  side  to  begin  with  and  in  the  bags  of  sand  and  bags  of  con- 
crete on  the  other  side,  thus  making  a  somewhat  ticklish  piece  of 
work,  that  required  constant  care  and  forcsight. 

The  only  serious  accident  on  the  .six  caissons  was  on  the  north- 
west Queensferry  caisson,  which,  being  landed  in  shallow  water,  sank 
into  the  mud  at  half  tide.     Eeing  caught  by  a  very  high  tide  and 
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then  a  very  low  tide,  it  sank  still  further  into  the  mud,  took  on  some 
iist  and  on  the  high  tide  again  coming  in,  the  coffer-dam'  portion 
tilled,  causing  more  list,  so  that  the  caisson  moved  sideways  about 
JO  feet,  and  deeper  into  the  mud.  It  then  became  necessary  at  great 
expense  and  great  loss  of  time  to  build  a  wooden  coffer-dam  on 
top  by  means  of  diving,  before  it  could  be  pumped  out  and  refloated. 
Although  this  caisson  was  launched  and  towed  to  its  berth  on  Dec. 
3,  1884,  it  was  Nov.  25,  1886,  before  the  sinking  was  begun. 

TABLE  XXII.— SINKING  RECORD,  QUEENSFERRY  PIERS 


Launched  and  located. 

Submerged 

Floated  second  time .  . 
SinkioK  started.  ,  ,  . 
Depth  below  H.W.. 
Sinking  completed. . 

Fmal  depth 

Average    sinking    per 

Material  enrounrered 

Total  yds.  e:tcavated. 

Concreling  begun 

Air  chamber  concreti 

Concreted  to  granite 
level 


Sept.  I,  1884 
33  feet 

Dec.  6,  1884 
71  feet 

4 .  70  inches 

Soft  IS  ft. 

Hard  13  ft. 

6372 

Dec.  8,  1884 

Dec.  17,  1884 

Feb.,  i88s 


Nov.  34,  1884 

33  f^t 
Feb.  4,  1885 

73teet 

6.67  inches 
19 .  s  feet 
30.5  feet 


April,  1885 


Jan.  18,  i83s 

37  feet 
April  1  a,  1885 


8.67  inches 
38  feet 

6827 
April  14,  1885 

April  2s,  1885 

June, i88s 


i3feet 
Feb.  s,  1886 


March,  1S86 


The  foregoing  account  is  condensed  from  Engineering,  and  gives 
all  the  salient  features  of  the  work.  The  description  of  the  circular 
granite  piers  is  taken  verbatim  from  the  same  source. 

The  foundations  below  low-water  level,  of  ten  out  of  the  twelve 
cirt  liar  piers,  vary  both  in  size  and  considerably  in  depth,  but 
above  that  level  they  are  exactly  alike.  The  two  exceptions  are 
the  two  north  piers  on  Fife  already  described.  Their  foimdations 
start  at  7  feet  below  high  water,  and  they  are  only  45  feet  in  diameter 
under  the  necking  course.  In  all  other  respects  they  do  not  differ 
from  the  remaining  ten  piers.  In  all  these  the  granite  masonry 
starts  at  low-water  level  or,  18  feet  below  high-water  level,  with  a 
diameter  of  55  feet;  rises  with  a  regular  straight  batter  of  i  inch 
in  loi  inches  to  a  height  of  r  2  feet  8  inches  above  high  water,  where 
the  diameter  is  49  feet,  and  terminates  in  a  necking  and  a  cop- 
ing course  with  a  somewhat  rounded  top  at  exactly  18  feet  above 
high  water.    The  courses  of  granite,  of  which  there  are  nineteen, 


D.qit.zeaOvGoOt^lc 


250  SUB-AQUEOUS  FOUNDATIONS 

are  rock-faced,  while  necking  and  coping  are  of  dressed  granite, 
vary  in  thickness  from  2i  inches  in  the  lower  to  16  inches  in  the 
upper  courses,  while  above  these  the  necking  is  19  inches  and  the 
co|jing  about  3  feet  6  inches  thickness.  The  latter  two  courses  are 
of  Cornish  granite,  the  others  of  Aberdeen  granite,  both  light  gray 


Fic.  177.— Section  of  Caisson  with  Air-lock,  Forth  Bridge. 

in  color.  The  blocks  of  rock-faced  granite  have  the  edges  dressed 
to  the  batter  of  the  pier,  and  to  horizontal  and  vertical  joints. 
The  courses  are  alternately  headers  and  stretchers,  with  a  bond 
of  not  less  than  g  inches.  The  joints  are  not  more  than  J  inch  wide, 
and  are  pointed  from  the  outside  with  pure  cement. 
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The  hearting  is  principally  of  flat-bedded  Arbroath  rubble,  but 
a  large  number  of  whinstone  blocks  roughly  squared  were  also  built 
in.  In  building  the  pier  the  rubble  masonry  closely  followed  the 
setting  of  the  granite,  and  both -vertical  and  horizontal  bond  was 
strictly  observed.  Between  the  concrete  in  the  foundation  and 
the  rubble  masonry  in  the  piers  bond  was  also  established  by  large 
blocks  of  whinstone  squared  to  obtain  proper  bedding.  {Fig, 
109.)  At  this  point  a  wrought-iron  belt  56  feet  6  inches  in  diameter, 
iS  inches  in  depth  and  f  inch  thick,  made  in  sections  and  riveted 
together,  was  placed  and  built  in,  A  second  belt  of  similar  strength, 
but  only  43  feet  in  diameter,  was  built  in  about  2  feet  below  high  . 
water,  and  a  third  belt  of  double  strength,  or  ij  inch  thick  and  39 
feet  in  diameter,  was  built  in  just  behind  the  coping  course.  All 
these  are  shown  in  Fig.  109. 

When  the  level  7  feet  below  high  water  was  reached  a  temporary 
timber  stage  was  erected,  and  carried  to  the  level  of  the  under  side 
of  the  fixed  bedplate  about  17  feet  6  inches  above  high  water.  Upon 
this  a  templet  of  the  bedplates  made  of  light  angles  and  J-inch  plate 
in  four  sections  bolted  together,  which  had  all  the  holes  for  the  hold- 
ing-down bolts  in  it,  was  laid,  correctly  centered  and  screwed  down. 
The  bolts  with  anchor  plates  supported  by  nuts  were  then  carefully 
set  up  and  built  into  tbe  rubble  masonry,  a  space  of  a  few  inches 
being  left  round  each  bolt  to  admit  of  subsequent  adjustment. 
This  is  very  distinct  in  the  Inchgarvie  northeast  pier.  The 
building  of  the  pier  was  now  continued,  the  position  of  templet 
and  holding-down  bolts  being  frequently  checked  to  insure 
correctness. 

From  the  plan  it  will  be  seen  that  the  coping  course  consists  of 
alternate  headers  and  stretchers. 

The  top  or  crown  of  the  pier  is  slightly  spherical,  and  is  built 
up  of  blodcs  of  dressed  Aberdeen  granite  from  17  to  18  inches  in 
thickness.  The  blocks  fitting  into  and  adjoining  the  coping  course 
were  all  cut  to  wooden  templets  sent,  the  remainder  being  arranged 
in  straight  courses.  The  blocks  project  from  6  to  12  inches  under 
the  bedplate,  a  recess  being  cut  out  to  receive  the  latter.  The 
remaining  space  under  the  bedplate  is  made  up  with  Arbroath  rubble 
masonry,  and  in  one  case  with  a  tolerably  thick  layer  of  Stafford- 
shire blue  bricks  built  in  cement. 

The  mortar  used  in  building  the  piers  was  throughout  of  i  part 
cement  and  2  parts  of  sand,  and  was  mixed  in  a  pugmill  close  by. 
At  first  hand  cranes  only  were  used  in  the  building,  but  steam  cranes 
were  substituted   as  being  more   handy   and   expeditious.    Both 
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granite  blocks  and  rubble  were  handled  and  set  by  means  of  pointed 
chain-dips,  holes  being  picked  for  the  purpose. 

The  holding-down  bolts  in  each  pier  were  forty-eight  in  number, 
in  four  rows  of  twelve  each.  They  are  set  at  2  feet  9  inches  and 
7  feet  respectively  to  each  side  of  the  center  line,  and  are  longitudinally 
about  3  feet  apart.  Owing  to  the  inward  set  of  the  bottom  members 
in  cantilevers,  rather  more  than  half  of  the  bolts  are  set  in  a  line 
parallel  to  the  center  line  of  th6  bridge,  the  remainder  following 
the  deviation  of  the  bottom  member.  In  order  to  bring  the  largest 
possible  mass  of  masonry  into  play,  the  four  center  bolts  of  each 
outside  row  are  bent  outward,  as  shown  in  Fig,  109,  and  to  prevent 
any  tearing  action  upon  the  masonry  which  would  be  produced  by 
the  bolts  being  drawn  tight  at  top,  cast-iron  shoes  are  inserted  at 
the  point  of  kinking,  and  these  are  held  together  by  a  pair  of  angle- 
bars  to  each  pair  of  bolts.  The  holding-down  bolts  are  of  a  special 
steel.  They  are  2J  inches  in  diameter,  with  an  enlargement  to  3 
inches  at  both  ends,  where  a  screw  thread  is  cut  upon  them.  They 
are  about  25  feet  long.  The  anchor  plates  are  2  feet  square  with  a 
long  boss,  stiffened  by  four  diagonal  ribs,  and  are  held  by  an  ordinary 
nut.    The  bolts  received  several  coats  of  tar  before  being  built  in. 

When  the  masonry  had  been  carried  to  within  about  8  feet  of 
the  top  the  templet  had  to  be  removed  to  allow  the  nibble  to  be 
placed  in  position,  but  it  was  replaced  from  time  to  time,  and  the 
position  of  the  bolts  frequently  checked.  As  the  heads  of  these  bolts 
fitted  in  the  lower  bedplate  without  any  play  whatever,  it  was  nec- 
essary that  their  position  should  be  absolutely  correct. 

When  the  masonry  had  got  up  close  to  the  under  side  of  the  bed- 
plate the  bolts  were  again  set  with  the  greatest  care,  and  the  spaces 
left  round  them  were  filled  up  with  cement  grout  to  within  about 
4  feet  of  the  top. 

Immediately  underlying  the  bedplate,  and  with  a  view  of  mak- 
ing a  perfectly  level  bed  for  the  same,  cast-iron  blocks,  12  inches 
square  and  4  inches  thick,  with  a  hole  which  only  just  admitted  the 
head  of  the  bolt,  were  placed,  carefully  leveled  by  instrument  and  set 
in  cement,  the  spaces  all  round  and  between  these  being  leveled 
to  the  thickness  of  i  inch  with  cement.  In  addition  to  the  round 
hole  in  each  block,  a  slot  was  cut  and  a  taper  wedge  driven  hard 
into  this  and  against  the  screw  thread.  This  was  done  to  prevent 
torsion  in  the  bolts  when  the  large  upper  nuts  required  to  be  drawn 
tight.  On  the  bed  thus  prepared  the  lower  bedplate  was  laid  in 
the  manner  hereafter  described.  The  heads  of  the  holding-down 
bolts  are  shown  in  connection  with  the  bedplates. 
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DIVERS  AND  DIVING 

These  will  be  only  occasional  need  for  a  diver's  services  on  the 
usual  class  of  foundation  work,  but  it  is  very  essential  that  such 
work  be  fully  understood  by  the  engineer,  and  more  especially  where 
it  is  possible  to  obtain  only  the  diver's  outfit  and  the  diver  must  be 
created  out  of  some  employee  on  the  work.  The  first  essential  in 
such  a  case  is  to  know  the  physical  characteristics  that  such  a  man 
must  have  to  make  a  success  in  diving.  In  the  first  place  he  must 
be  a  cool-headed,  quick-thinking  man,  with  a  first-class  physique, 
not  full  blooded  or  with  a  florid  complexion,  nor  with  a  short  neck. 
The  other  disabilities  which  should  deter  men  from  attempting 
diving  are  constant  headaches;  palpitation  of  the  heart;  slight 
deafness  or  running  from  the  ears;  spitting  or  coughing  blood;  poor 
circulation  of  the  blood  as  indicated  by  cold  hands  or  feet,  extreme 
paleness,  or  bluish  lips;  bloodshot  eyes  or  high  colored  cheeks; 
intemperance;  venereaJ  disease;  rheumatism  and  sunstroke. 

The  diver  should  not  be  over  forty-five  years  of  age;  he  should 
not  eat  any  considerable  amount  before  descending,  and  he  should  be 
supplied  with  the  same  amount  of  air  he  is  used  to  breathing  on  the 
surface.  In  case  the  man  selected  shows  nervousness,  he  should 
go  a  little  way  and  return  to  the  surface,  and  if  he  cannot  eventually 
overcome  his  fear,  he  should  give  up  the  attempt;  but  without 
nervousness  the  descent  should  be  made  as  quickly  as  possible.  No 
fear  need  be  felt  of  accident  unless  something  is  caught;  for  in  case 
of  the  hose  breaking  or  getting  cut  there  is  air  enough  in  the  helmet 
to  last  about  five  minutes. 

The  ascent  should  be  made  at  the  rate  of  about  i  foot  per  second 
up  to  within  about  50  feet  of  the  surface,  where  a  short  stop  should 
be  made,  and  the  ascent  from  there  up,  or  in  water  50  feet  or  less, 
very  slowly.  Should  he  suffer  from  coming  up  too  rapidly,  the 
application  to  pressure  again  will  give  relief.  The  general  effects 
of  compressed  air  are  not  harmful,  as  many  men  are  rendered  more 


D.qit.zeaOvGoOt^lc 


254 


SUB-AQUEOUS  FOUNDATIONS 


healthy  and  their  digestion  better  by  the  increased  amount  of  oxygen 
they  absorb  in  the  compressed  air. 

The  pressure  due  to  a  depth  of  30  feet  is  13  pounds  per  square 
incli,  and  that  for  other  depths  to  the  nearest  pound  may  be  taken 
from  the  following  table: 

TABLE  XXIir.— AIR  PRESSURE,  LBS.  PER  SQ.  !N.,  FOR  VARIOUS  DEPTHS 


Depth. 

P«BU«. 

Depth. 

Pre.™™, 

Depth. 

p™.™- 

30 

13 

.00 

43 

170 

74 

40 

17 

48 

180 

78 

SO 

S3 

100 

Sz 

60 

»6 

130 

S6 

87 

70 

30 

140 

Gi 

91 

So 

34 

IJO 

6$ 

aio 

9S 

90 

39 

160 

6. 

230 

100 

The  rough  rule  mod  by  di 


The  usual  maximum  limit  for  deep  work  is  150  feet,  and  at  this 
depth  the  diver  will  ordinarily  stay  down  a  very  short  time,  likely 
not  over  twenty  minutes.  In  one  case  where  a  tug  had  sunk  in 
New  York  Harbor  in  150  feet  of  water,  one  diver  was  sent  down  to 
attach  a  chain  to  the  shaft  for  the  purpose  of  dragging  the  boat 
into  shallow  water.  As  he  did  not  answer  the  signals,  he  was  hauled 
up  and  revived  with  difficulty.  Another  diver,  a  small,  wtry,  hardy 
man,  went  down  several  times,  staying  as  long  as  twenty  minutes 
a  trip,  without  bad  effects,  and  succeeded  in  attaching  the  chain. 
Of  course  below  a  depth  of  30  to  40  feet,  there  is  not  light  enough 
to  do  much  work  without  artificial  light,  and  in  New  York  Harbor 
it  becomes  dark  below  20  feet. 

The  earliest  deep  diving  was  that  done  by  the  pearl  divers  in  the 
Indian  Ocean,  without  any  suits  or  assistance,  but  they  could  remain 
down  for  only  two  or  three  minutes  at  the  most,  and  any  stories 
to  the  contrary  may  be  taken  as  pure  fiction.  The  use  of  a  diving 
dress  was  first  described  by  Dr.  Halley  in  1721,  and  the  modern 
type  of  dress  was  gotten  up  by  Siebe  about  1829,  but  it  was  open  at 
the  bottom,  so  that  if  the  diver  fell  or  leaned  over  too  far  the  air 
spilled  out  and  he  would  be  in  serious  danger  unless  hauled  up  at  once. 

The  most  ordinary  depths  for  diving  are  from  30  to  60  feet,  but 
there  is  a  case  of  very  deep  diving  on  record,  by  Hooper,  off  the 
coast  of  South  America,  who  made  seven  descents  to  a  depth  of  201 
feet,  or  at  a  pressure  of  87  pounds  per  square  inch,  remaining  down 
one  trip  for  forty-two  minutes.    The  record  on  Puget  Sound  in  salv- 
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ing  a  boat  is  a  depth  of  185  feet,  where  the  diver  made  many  descents 
to  a  maximum  time  on  any  one  trip  of  about  one  hour,  but  he  after- 
ward died  as  the  result  of  the  severe  experience.  Lights  at  such 
depths  bum  out  very  quickly,  and  in  caissons  candles  and  electric 
lights  will  bum  out,  where  the  depth  is  100  feet,  in  three-fifths  of  the 
time  as  at  the  surface.  If  a  candle  is  blown  out  at  80  feet  in  a  caisson 
it  will  immediately  relight,  and  at  108.5  ^^^^  i^  ^^^  ^^  blown  out  as 
many  as  thirteen  times  in  a  half  minute  and  relight  each  time. 

The  ordinary  diver  picked  up  for  only  one  short  piece  of  work  will 
charge  from  $50  to  $75  per  day,  and  his  reports  should  be  checked 
up  by  soundings  or  in  some  way,  as  they  are  often  not  reliable  in 
the  data  they  give;  so  that  the  best  way  will  be  to  get  a  diver  of 
reputation  or  one  well  recommended.  Where  one  is  needed  constantly 
around  a  large  piece  of  work,  he  can  usually  be  employed  at  about 
$5  per  day  about  the  upper  work  and  at  from  $10  to  $zo  for  the  days 
he  is  diving.  His  helpers  should  also  be  employed  on  the  work 
constantly,  so  that  he  will  have  experienced  men  to  handle  the 
pump  and  lines.  Such  an  arrangement  will  tend  toward  the  diver 
giving  more  reliable  information,  as  he  will  not  be  seeking  to  lengthen 
his  job.  It  must  be  bome  in  mind  that  a  diver  can  exert  but  little 
if  any  downward  force  in  working,  and  in  exerting  a  horizontal  force 
he  must  brace  himself  with  his  foot,  or  lacking  a  foothold  he  must 
brace  himself  with  a  line  around  a  timber  or  pile. 

The  recent  invention  of  an  oxyhydrogen  blowpipe  by  a  German 
for  use  under  water  by  a  diver  is  a  great  help  for  working  on  or 
removing  metal  work.  The  great  trouble  in  a  device  of  this  kind 
is  to  prevent  the  water  from  putting  out  the  Same.  This  is  prevented 
(Fig.  178)  in  the  ordinary  Greisheim  burner,  by  adding  a  bell-shaped 
hollow  head  and  by  air  under  pressure.  This  was  recently  used  in 
the  harbor  at  Keil,  Germany,  and  the  diver  made  cuts  4  inches  long, 
without  difficulty,  and  burned  out  a  surface  44?  square  inches  in  area. 
Working  under  water,  another  diver,  in  a  depth  of  16  feet,  made  a 
cut  10  inches  long  in  a  minute  and  a  half,  and  in  half  a  minute  cut 
through  a  plate  about  J  of  an  inch  thick. 

The  experienced  diver  can  do  ordinary  woodwork  with  hand 
tools  under  water,  and  can  accomplish  great  results  with  powder. 
Three  sticks  of  dynamite  placed  around  a  pile  at  the  ground  surface, 
and  shot  off  by  a  battery  after  the  diver  returns  to  the  surface  will 
cut  it  off  clean,  but  no  less  than  three  sticks  will  be  effective  on  an 
ordinary  sized  pile,  and  a  large  one  will  require  four.  The  diver 
can  easily  shoot  off  from  forty  to  seventy  piles  in  one  day.  Four 
or  five  sticks  of  dynamite  placed  on  a  large  chunk  of  concrete  will 
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completely  shatter  it,  requiring  only  fifteen  or  twenty  minutes  of 
a  diver's  time. 

The  effect  of  such  shots  under  water  will  not  jar  surrounding 
structures  to  damage  them,  nor  in  fact  will  shots  of  thirty  or  forty 
sticks,  unless  placed  so  close  to  a  pier  or  other  work,  as  to  actually 
act  on  it  direct.  The  best  way  is  to  start  on  any  work  with  a  few 
sticks  and  gradually  increase  the  charge,  but  stop  before  the  jar 
becomes  hard  enough  to  be  questionable.    Any  adjacent  structure 


Fig.  178. — DivEB  Using  Oxvhvdrocen  Blowpipe. 

which  will  be  seriously  damaged  by  the  jar  from  a  few  sticks  of 
dynamite  should  be  taken  down  or  should  never  have  been  built. 
The  experience  actually  encountered  by  a  diver  in  salvage  work 
is  the  very  best  discussion  of  what  they  can  do,  and  the  following 
article  of  diving  work  off  the  English  coast  gives  good  ideas  of  the 
methods  of  diving  and  its  dangers: 

Mr.  Anton  Graf,  the  narralor  of  this  story,  claims  to  be  the  oldest  active 
diver  in  the  world.  During  the  course  of  an  experience  extending  over  a  period 
of  nearly  sixty  years  he  has  naturally  met  with  some  thrilling  adcventurcs,  one 
of  which  is  here  described. 

"In  the  middle  of  August,  1870.  there  was  a  terrible  storm  in  the  English 
Channel,  the  sea  being  so  rough,  and  the  tide  rising  to  such  an  extent  ihat  in  some 
of  the  streets  of  Dover  the  water  was  two  or  three  feci  deep.  For  some  days 
previous  to  the  storm  I  had  been  employed  by  the  Coast  Wreckage  Company 
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OD  salvage  work  in  connection  with  a  steamer  which  had  sunk  about  twelve 
miles  off  Dover.  The  severe  weather,  however,  caused  a  temporary  stoppage 
of  all  diving  operations,  and  I  received  orders  from  my  employer  to  go  out  with  the 
steamship  Harold  from  Dover  to  render  assistance  to  any  ships  found  in  distress. 

"  Before  we  had  been  in  the  Channel  very  long  we  saw  a  steamer  collide  with 
a  bark  below  Folkestone,  the  sailing  vessel  being  so  badly  damaged,  having 
been  struck  amidships,  that  she  quickly  sank.  The  bark  was  loaded  with 
salt  and  empty  petroleum  bacreis,  and  as  soon  as  she  disappeared  beneath  the 
waves  many  of  the  barrels  came  to  the  surface,  dotting  the  sea  all  round  us.  We 
did  our  utmost  to  save  the  crew,  but  were  only  successful  in  rescuing  the  steward's 
boy,  whom  we  noticed  floating  on  a  half-barrel  near  the  scene  of  the  disaster. 

"  The  steamer  was  the  IdkwUd,  owned  by  the  Navigation  and  Transportation 
Company,  and  carried  a  cargo  of  iron  ore.  She  had  also  been  considerably 
damaged,  her  bows  being  much  bent.  Her  captain  decided  to  try  to  reach  Folke- 
stone, but  his  attempt  was  futile,  for  the  water  rushed  into  the  vessel  in  great 
streams.  When  we  saw  the  precarious  condition  she  was  in,  we  asked  the  captain 
to  close  the  bulkheads,  which  he  did,  and  we  then  towed  the  steamer  into  Dover 

"  The  sunken  bark,  an  American  ship  named  the  Delson,  had  foundered 
about  fourteen  miles  west  of  Folkestone,  and  when  the  gale  subsided,  about 
two  days  later,  I  received  instructions,  through  the  Trinity  Commissioners,  to 
blast  the  masts  out  of  the  ship,,  in  order  to  prevent  other  vessels  coming  into 
collision  with  them. 

"  I  was  informed  that  there  was  a  good  deal  of  jewelry  and  money  in  a  locker 
in  the  captain's  cabin,  and  I  determined  to  obtain  these  valuables  after  I  had 
carried  out  my  other  orders. 

"  The  blasting  work  did  not  lake  very  long,  three  charges  of  dynamite  proving 
sufficient  to  get  the  masts  out.  As  soon  as  I  had  finished  these  operations  I 
commenced  a  search  for  the  desired  cabin,  I  quickly  found  it,  and  also  the 
locker  in  which,  in  all  probability,  the  valuables  were  located.  The  drawer, 
however,  was  locked,  and  I  went  back  to  the  deck  to  search  for  a  piece  of  iron 
in  order  to. force  it.  I  discovered  what  I  wanted  hanging  from  one  of  the  davits, 
and  soon  twisted  it  free.  In  returning  to  the  cabin,  I  had  to  be  very  careful  to 
keep  myself  free  from  the  stanchions,  so  that  I  should  not  get  my  lines  fouled 
when  1  wanted  to  regain  the  deck. 

"  It  took  me  some  time  to  wrench  open  the  drawer,  but  1  eventually  suc- 
ceeded, and  on  putting  my  hand  in  I  found  some  paper  money,  a  watch  and 
chain,  some  rings,  and  a  lot  of  coins.  These  I  put  into  one  of  the  big  pockets 
of  my  protection  overalls,  and  then  turned  to  make  my  way  back  to  the  door 
of  the  cabin. 

"To  my  surprise,  however,  no. light  filtered  through  from  the  direction  of 
the  door,  although,  after  I  first  entered,  the  opening  couid  plainly  be  seen.  I 
had  evidently  been  too  intent  on  my  task  to  notice  the  change.  The  cabin 
was  now  in  almost  complete  darkness,  and  I  knew  that  in  making  my  way  back 
I  should  have  to  be  very  careful  to  steer  clear  of  obstacles,  I  rolled  my  hose 
and  lines  round  my  arm,  and  commenced  to  grope  my  way  to  the  three  steps 
which  led  up  to  the  door.  These  t  reached  with  little  difficulty,  but  when  I  tried 
to  push  the  door  open  1  found  to  my  consternation  that  I  could  not  even  move 
it  the  fraction  of  an  inch. 

"  I  must  explain  here  that  in  the  part  of  the  Channel  where  I  was  working 
it  is  only  possible  to  carry  on  diving  operations  for  about  four  or  five  hours  during 
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Fig.  175.— DivEtt  at  Work  on  Wbeck. 
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^ack  tide.  At  other  times  the  currents  are  so  strong  as  to  make  diving  a  very 
hazardous  imdertakini;  and  practically  out  nf  the  question.  When  1  entered 
the  cabin  the  tide  was  flowing  down  Channel,  and  in  consequence  the  current 
kept  the  cabin  door  open.  I  had  been  so  occupied  with  the  task  of  collecting 
the  captain's  valuables  that  I  had  failed  to  notice  how  quickly  the  time  seemed 
to  go.  A  strong  current  was  now  running  in  the  opposite  direction,  and  pressing 
with  tremendous  force  against  the  door,  keeping  it  as  securely  closed  as  though 
heavy  bolts  were  assisting  the  relentless  currents  in  their  light  against  me. 

"  The  horror  of  my  predicament  now  dawned  upon  me,  and  I  could  not 
help  thinking  that  I  should  be  extremely  fortunate  if  I  ever  again  saw  the  blessed 
light  of  day.  It  was  obvious,  however,  that  inaction  would  not  improve  my 
prospects,  so  I  started  to  feel  for  the  spot  where  myhose  and  lifeline  passed  between 
the  door  and  the  framework..  I  found  them  at  last— over  the  top  of  the  door— 
and,  luckily,  the  tough  lifeline  was  nearest  to  the  hinges,  thus  keeping  the  door 
slightly  more  ajar  than  would  otherwise  have  been  the  case,  and  so  protecting 
the  hose.  If  the  positions  had  been  reversed,  there  is  no  doubt  that  the  hose 
would  have  been  jammed  so  tightly  as  to  prevent  any  passage  of  air  through 
the  tube,  thereby  causing  my  speedy  suRocation.  Even  as  it  was,  the  line 
only  partially  saved  the  hose,  and  within  a  minute  or  so  I  began  to  experience 
great  difficulty  in  breathing — a  hint  of  the  agony  to  come  if  I  did  not  speedily 
extricate  myself. 

"  For  a  moment  I  was  nonplussed  as  to  what  I  should  do  nejrt,  I  knew 
only  too  well  that  if  I  found  it  impossible  to  escape  from  my  submarine  prison, 
I  should  not  remain  conscious  very  long.  I  was,  of  course,  aware  that  those 
at  the  top  would  quickly  come  to  the  conclusion  that  something  was  amiss  if  I 
did  not  ask  to  be  hauled  to  the  surface.  But  I  was  quite  unable  to  imagine  what 
means  they  could  discover  to  effect  my  rescue  and  as  my  lines  were  jammed 
I  could  not  signal  to  them  in  any  way  to  explain  my  position.  There  was  no 
other  diver  on  the  tender — the  John  Bull — and  it  was  impossible  for  them  to 
send  to  Dover  for  assistance,  even  if  there  had  been  time  to  do  so. 

"  Anyhow,  there  was  no  time  to  be  lost,  as  the  air  in  my  helmet  was  already 
getting  very  close,  and  it  did  not  seem  as  though  much  more  was  filtering  through 
the  narrow  piece  of  tubing  wedged  in  the  tight-shut  door.  Turning  round,  I 
descended  the  steps  to  try  to  find  an  instrument  which  I  could  use  as  a  lever 
in  my  efforts  to  force  open  the  door.  If  I  could  only  move  it  an  inch  or  so  it 
would  probably  enable  me  to  give  a  signal,  and,  by  releasing  the  hose  somewhat, 
allow  more  air  to  reach  me. 

"  For  two  or  three  minutes  I  groped  about  for  the  piece  of  iron  with  which 
I  had  forced  the  locker,  but  nowhere  could  I  find  it.  Fortunately,  however, 
my  knuckles  struck  the  handrail  leading  up  to  the  door,  and  seizing  this  with 
both  hands,  and  placing  one  of  my  feet  against  the  wall,  I  endeavored  to  wrench 
it  free.  The  strain  was  so  great,  especially  as  I  could  hardly  breathe,  that 
I  was  afraid  I  might  burst  a  blosd  vessel,  but  at  last  the'lowcr  part  gave 
way,  and  it  did  not  then  take  me  more  than  a  moment  to  release  it  altogether. 
The  exertion,  however,  had  told  on  me  severely,  and  I  could  do  nothing  further 
for  a  minute  or  two,  although  I  fully  realized  that  every  second's  delay  only 
added  to  my  danger. 

"  Eventually,  however,  I  managed  to  insert  the  rail  between  the  door  and 
the  framework,  and,  using  it  as  a  lever,  gradually  succeeded  in  forcing  the 
door  slightly  open  and  letting  down  the  hose  and  line.  Now  that  the  pressure 
was  somewhat  relieved    the  air  came  through  more  freely,  but  very  jerkily, 
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although  this  was  not  to  be  wondered  at,  considering  that  the  tide  was  running 
at  the  rate  of  twenty-two  miles  an  hour.  Jty  nerves  were  in  an  awful  state 
by  this  time,  and  more  than  once  I  came  very  near  to  sulTocalion. 

"  I  now  tried  to  signal  to  the  lender,  and  to  my  delight  found  I  was  able 
to  do  so.  I  asked  for  a  chain  to  be  attached  to  the  lifeline  and  sent  down,  but 
the  answer  1  got  was  'Come  up.'  I  replied  with  the  signal  for  'Trouble,' 
and^lmost  immediately  the  desired  chain  was  let  down.  But  here  a  new  difficulty 
met  me.  The  tide  was  so  strong  that  my  lifeline,  instead  of  being  fairly  straight, 
made  a  wide  curve,  and  the  chain  did  not  come  within  several  feet  of  me.  I 
therefore  gave  the  signal  to  haul  in  the  line,  as  I  felt  that  if  those  above  pulled 
it  tight,  and  then  sent  the  chain  down  again,  I  might  possibly  reach  it.  This 
call  was  also  responded  to,  but  with  the  result  that  1  was  nearly  jerked  off  my 
feet  as  soon  as  the  slack  line  was  pulled  in. 

"  A  few  seconds  later  I  again  asked  for  the  chain  to  be  lowered,  and  this 
time  I  was  just  able  to  grasp  it  and  pull  it  through  the  opening.  I  then  secured 
it  to  the  door  as  firmly  as  possible,  and  once  more  gave  the  signal  '  Haul  in.' 
I  learned  afterwards  that  twelve  men  pulled  on  the  chain,  and  I  assisted  them 
with  my  shoulder  as  far  as  possible.  Something  had  to  give,  the  door  or  the 
chain,  but  I  knew,  if  it  was  the  latter,  that  nothing  on  earth  could  save  me  from 
a  terrible  fate.  With  (everisli  anxiety  I  awaited  the  result,  and  it  is  easier  to 
imagine  than  to  describe  my  joy  when  I  noticed  that,  inch  by  inch,  the  door  was 
yielding.  At  last  I  had  sufficient  space  to  get  my  helmet  through  the  aperture, 
and  my  body  was  not  long  in  following.  I  had  been  confined  in  the  cabin  for 
an  hour  and  a  quarter. 

"But  my  troubles  were  by  no  means  over  even  now,  although  I  had  very 
little  energy  left.  Through  the  changing  of  the  tide,  all  the  loose  rigging  and 
wreckage  had  swung  round,  and  now  completely  blocked  my  way.  I  went 
back  into  the  cabin  for  the  handrail  which  had  proved  of  such  inestimable 
service  to  me,  and  with  its  assistance  I  cleared  a  path  as  best  I  could  in  the 
direction  of  the  davits,  where  my  moorings  were  made  fast.  Evidently  the  sur- 
face of  the  water  above  was  not  very  smooth,  for  each  time  the  tender  moved 
with  the  waves  the  davits  seemed  to  jump,  causing  me  to  think  every  moment 
that  something  vital  would  give  way. 

"  I  did  not  waste  a  second  more  than  was  necessary  before  starting  to  work 
my  way  up  hand  over  hand,  and  I  soon  got  entirety  clear  of  the  drifting  rigging. 
As  1  went  higher  I  felt  the  full  pressure  of  the  tide,  which  was  running  so  fast 
that  I  could  not  keep  my  feet  down,  and  soon  1  was  confronted  with  a  new  danger, 
as,  if  my  head  went  lower  than  my  body,  I  once  more  ran  the  risk  of  suffocation. 
This  unwelcome  fate  seemed  more  than  probable,  as  I  was  now  getting  more 
air  than  I  required,  and  my  head  throbbed  like  a  steam  engine. 

"I  dung  as  tightly  as  I  could  to  the  line,  but  the  strain  became  so  great 
and  the  pain  so  intense  that  I  thought  my  fingers  would  part  from  my  hands. 
By  this  time  I  was  extremely  feeble,  and  at  last  my  muscles  became  SO  over- 
taxed that  I  could  not  hold  on  a  moment  1  ngcr.  I  can  dimly  remember  letting 
go,  drifting  away,  and  slowly  rising  up  towards  the  surface,  which  I  eventually 
reached  head  downwards, 

'"The  next  thing  I  recall  is  opening  my  eyes  about  an  hour  later  on  the  deck 
of  the  John  Bull  in  Dover  Harbor.  I  had  a  splitting  headache,  and  for  nearly 
a  week  afterwards  suffered  from  a  confused  and  dizzy  feeling.  Apart  from 
this,  no  ill-effects  followed  my  terrifying  experience,  and  two  or  three  weeks 
later  I  again  resumed  my  hazardous  work  beneath  the  waves." 
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The  best  diving  outfit  will  cost  about  Sgcx^,  exclusive  of  any 
scow,  rowboats  or  launches,  and  the  following  list  is  for  a  Morse 
outEt  of  this  type : 

TABLE  XXIV.     COMPLETE  DIVING  OUTnT 


I  Air-pump,  No.  i.  Two  Cylinders,  Double  Action  with  Two  Patent 
Indicating  Gages  to  denote  the  air  pressure  and  depth  of  each  Diver; 
with  Water  Cistern,  Two  Fly-wheeis  in  Ash  Chest,  with  Iron  Rings 

for  lashing $500 .00 

These  Pumps  have  Removable  Tills  fitted  into  the  Pump  Cases,  in 
which  are  furnished  and  packed  the  following  small  parts: 

I  Oil  Can.  1  Nut,  for  securing  pump  handles  (spare). 

I  Union  Joint,  double  male,     i  Union  Joint,  double  female. 

I  Socket  Wrench.  3  Double-ended  Spanners. 

I  Overflow  Nozzle.  i  lo-inch  Monkey  Wrench. 

1  Screw  Driver.  Spare  Valves,  inlet  and  outlet. 

12  Washers,  for  Air  Hose  (spare). 

I  Improved  Diving  Helmet,  Three  Lights,  Sectional  Screw,  to  receive 
airin  the  Head-piece,  or  One  to  receive  air  in  the  Breast -plate;  either 
style,  including  Safety  Valve,  Adjustable  Btgulating  Valve  and 
Recessed  Gasket  Seat 

3  Rubber  Diving  Dresses;  Size  No.  2 

150  feet  Standard  White  Air  Hose  (three  pieces)  with  couplings,  at  40c. 

I  set  Diving  Weights,  belt  pattern 

1  pair  Diving  Shoes,  with  lead  or  iron  soles 

2  pairs  Rubber  Diving  Mittens,  at  {5.00 

1  pair  Rings  and  Clamps 

I  Life  or  Signal  Line  (150  feel) 

1  pair  Cuff  Expanders 

I  Knife,  Belt  and  Air-hose  Holder 

6  feet  Snap  Tubing,  at  60c 

1  pair  Chafing  Pants 

1  Helmet  Cushion 

2  pairs  Divers'  Stockings,  at  $1.25 

2  Woolen  Shirls  and  Drawers,  Style  "  W,"  at  ti.50 

2  pairs  Woolen  Mittens,  at  $1.25 

r  Woolen  Cap 

I  Basket  for  Helmet,  Dresses,  Hose,  etc 

6  Extra  Bolts  and  Nuts  for  Helmet  (spare),  at  25c 

I  set  Extra  Couplings  (spare) 

I  yard  Rubber  Cloth  for  repairs 

1  can  Rubber  Cement  for  repairs  (i  lb.) 

I  Cutting  Punch 

Complete  Outfit  for  One  Diver. 870 

Complete  Outfit  for  Two  Divers  will  include  duplicate  of  each  of  the 

above  items  except  the  pump 1258 
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Fic.  180. — Diver's  Am-puup. 
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Cheaper  outfits,  with  less  equipment,  may  be  purchased  as  low  as 
$300  to  $600. 

The  air-pump  (Fig.  180)  is  of  the  double-acting  two-cylinder 
type,  with  water  cistern,  two  flywheels  and  encased  in  an  ash-wood 
chest.  Pumps  with  kerosene,  gasoline  or  alcohol  engines  can  be 
purchased  instead  of  the  hand  operated,  for  about  $300  additional. 
Steam  compressors  are  very  often  used,  and  will  require  the  addi- 
tion to  the  outfit  of  a  boiler,  receiver,  the  proper  piping  and  the  nec- 
essary reducing  and  regulating  valves  to  supply  air  at  the  right 
pressure  and  in  the  right  quantity.     Such  an  outfit  will  cost  about 


Fig.  181. — Diving  -Scow  and  Diveb. 

$600  to  $800  additional  to  that  given  in  the  list.  The  necessary 
scow  and  house  can  be  built  for  less  than  $500  (Fig.  181),  two  row- 
boats  for  $40,  and  a  launch  for  anywhere  from  $300  upward,  or  with 
a  large  launch,  costing  from  $2000  to  $3000,  the  entire  outfit  can  be 
placed  on  board. 

The  pumps  when  lying  idle  should  be  kept  clean  and  well  oiled 
with  neatsfoot  oil,  which  will  also  keep  the  piston  leathers  in  proper 
condition.  The  cylinders  of  the  regular  diving  pump  should  be 
slightly  warmed  with  warm  water  in  cold  weather,  before  the  pump 
is  started.    Where  the  pump  is  run  by  an  engine,  the  handles  should 
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Fig.  i8j.— Diver  in  Full  Dress. 

Drcllishak  of  the  U.  S.  Navy,  in  1Q14,  dived  274  [cct  in  Lonf;  Island  Sound  by  u^ng 
compressed  air  from  a  naval  ship  and  using  two  torpedo  lubes  holdins  11  cubic  feet  of 
air  at  iioo  pounds  pressure.  One  hour  and  twenty-nine  minutes  was  consumed  in  com- 
ing to  the  surfaie.  Crilley  of  the  U.  S.  Navy,  in  1915,  dived  l)y  the  same  means  i88  feet 
in  Honolulu  harbor  for  the  lost  submarine  F4,  and  took  one  hour  uad  forty-live  minutes 
for  the  trip.     Both  divers  used  ordinary  suits. 
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be  removed.    Should  the  pump  stop  while  the  diver  is  down,  the 
reservoirs  must  be  large  enough  to  bring  him  to  the  surface. 

The  diver  in  full  dress  is  shown  in  Fig.  182;  the  helmet  having  a 
top  light,  although  the  ordinary  helmet  (Fig,  183)  has  no  top  light, 
but  is  provided  with  the  regulating  escape  valve  which  extends  inside 
the  helmet,  with  a  button  against  which  the  diver  can  push  with  his 
head  to  let  out  the  air.  The  helmet  with  the  top  light  is  preferable, ' 
as  it  allows  the  diver  to  look  up  without  throwing  his  body  back- 
ward.   The  helmets  shown  screw  onto  the  breastplate,  those  fasten- 


Fic.  183.— Diver's  Heuiet  wtth  Solid  Top. 

ing  on  with  thumb-bolts  not  being  in  favor.  Telephone  outfits 
are  provided  to  attach  to  helmets,  but  many  divers  refuse  to  use  them, 
preferring  to  use  the  old  system  of  signaling  with  the  life  line  and  air- 
pipe.    These  signals  are  as  follows: 

TABLE  XXV— DIVERS'   SIGNAI.S 


LLfc  Line. 

Air-hoK. 

I  pull,   all  riRht 

1  pulls,  as  diver  inslrurW. 

3  pulls,  as  diver  instructed. 

4  pulls,  coming  up 

1  pull,  cnouRh  air 

2  l>ulls,  more  air 

j  pulls,  as  diver  instructed. 
4  pulls,  haul  up  divet 
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EXPLANATION  OF  SIGNALS 

"  The  attendant  &  the  responsible  person  and  must  attend  strictly  to  his 
business  all  the  time  the  diver  is  down;  occasionally  he  should  give  one  pull 
on  the  life  line  and  the  diver  should  return  the  signal  by  one  pull,  signifying  all 
right. 

"  If  the  signal  should  not  be  returned  the  diver  must  be  hauled  up,  but  if 
the  diver  wishes  to  work  without  being  interrupted  by  signal,  he  gives  one  pull 
on  the  line  independently,  for  '  All  right,  let  me  alone.'  If  the  attendant  feels 
any  irregular  jerks,  such  as  might  be  occasioned  by  the  diver  falling  into  a  hole, 
he  should  signal  to  know  if  he  is  all  right,  and  if  he  does  not  immediately  receive 
a  reply  he  should  haul  him  up  at  once.  II  from  any  cause  the  diver  is  unable 
to  ascend  the  ladder  and  wishes  to  be  hauled  up  he  gives  four  sharp  pulls  on  the 
life  line.  If  while  being  hauled  up,  the  diver  gives  one  pull,  it  signifies  '  All 
right,  don't  haid  me  any  more.'  The  diver  should  be  hauled  up  slowly  and 
steadily.  If  the  attendant  wishes  the  diver  to  come  up  to  the  surface  he  gives 
four  sharp  pulls  on  the  life  line,  on  which  the  diver  should  answer  *  All  right,* 
and  return  to  the  foot  of  the  ladder  and  signal  to  be  hauled  up. 

"  If  a  telephone  or  speaking  apparatus  is  used  the  diver  can  converse  with 
his  attendant  and  give  such  directions  as  he  wishes." 

The  waterproof  diving-dress  is  shown  in  Fig.  184;  it  is  made 
of  white  cloth  and  is  reinforced  in  all  parts  most  exposed  to  wear, 
the  sizes  running  from  No.  i  for  a  5-foot  6-inch  man  to  No.  4  for  a 
6-foot  2-inch  man.  Various  modifications  of  diving-dress  are  shown 
in  all  the  catalc^es. 

The  shoes  ordinarily  furnished  {Fig.  185)  have  lead  soles  and 
brass  toe  caps,  although  they  can  be  obtained  in  many  varieties; 
with  iron  soles  and  toe  caps  or  brass  soles  and  toe  caps,  and  heavy 
rubber  overshoes  can  be  used  over  these.  The  lead  weights  (Fig. 
186)  are  riveted  to  a  broad  waist  belt  and  carried  by  straps  over  the 
diver's  shoulders.  The  knife-belt  (Fig.  187)  is  provided  with  a  knife 
going  into  a  sheath  with  spring  lock. 

The  care  of  a  diving-dress  as  given  by  the  best  authority  on  this 
subject  is  quoted  in  full : 

'  "  Diving-dresses  should  never  be  packed  away  wet  or  damp.  Tliey  should 
be  well  dried  inside  and  outsi-le  or  they  will  mildew  and  rot. 

"  If  the  dress  has  been  urinated  in  it  should  be  turned  and  well  washed  with 
clean  water  and  left  trucil  thoroughly  dry.  If  used  in  salt  water  it  should  be 
washed  at  least  once  a  week  in  clean  fresh  water  and  allowed  to  become  thor- 
oughly dry. 

"  The  following  method  for  drying  a  dress  will  be  found  very  effective: 
"  Take  two  pieces  of  wood  about  8  feet  long  and  nail  together  in  the  form  of 
a  St.  Andrew's  cross.     Place  inside  the  dress  and  place  another  piece  through 
the  arms  to  keep  them  extended.    The  dress  can  then  be  placed  in  an  upright 
position  until  it  is  dry." 
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Fic.  184— DiviNC  Dress  with  Mittess. 
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The  repair  of  a  diving-dress  is  carried  out  much  the  same  as  the 
repair  of  any  waterproof  fabric: 

"  First. — The  dtfctlive  portions  to  be  cemented  must  be  thoroughly  dry  and 
free  from  dirt. 

"  Second. —Lift  surface  doth  by  loosening  with  benzine,  then  roughen  the 
under  rubber  surface  with  sand  or  emery  paper. 

"  Third. — Coat  exposed  roughened  rubber  surface  with  three  coats  of  pure 
gum  cement,  alloM'ing  each  coat  to  dry  thirty  to  forty-five  mbutes  before  the 
next  application. 

"  Cut  the  patch  about  one  inch  larger  on  all  sides  than  the  rubber  exposed 
surface  to  be  patched,  remove  sheeting  wrapping  protection  cloih  from  the  patch, 
loosening,  it  tightly  adhered,  with  benzine,  then  swab  exposed  rubber  surface 
with  benzine.  Apply  one  thin  coat  of  pure  gum  cement,  allowing  same  to  dry 
thirty  to  forty-five  minutes. 


Fic.  187.— Knife  Belt  for  Diveb, 

"  Nent  lay  the  edge  of  patch  on  exposed  rubber-cemented  surface  of  the  dress, 
then  gradually  work  the  patch  down  on  to  the  dress,  using  the  fingers  so  as  to 
remove  all  wrinkles  and  air  bubbles.  Next  subject  repaired  part  to  pressure, 
either  by  the  use  of  hand  roller  or  any  other  convenient  rolling  tool.  If  any  part 
of  the  edge  of  the  patch  does  not  appear  to  be  thoroughly  adhered  and  is  inclined 
to  curl,  trim  same  with  sharp  scissors." 

The  same  authority  gives  full  instructions  for  dressing  a  diver, 
and  as  to  conduct  while  diving  which  are  worth  recording; 

"  The  diver  having  taken  off  his  own  clothes,  puts  on  a  jersey  or  heavy  flannel 
shirt,  a  pair  of  drawers  carefully  adjusted  outside  the  shirt  or  jersey,  and  well 
secured  to  prevent  slipping  down,  and  then  a  pair  of  heavy  stockings.  If  the 
water  be  cold  the  diver  may  put  on  two  or  more  of  each  of  these  articles.  He 
then  puis  on  the  woolen  cap,  drawing  the  latter  welt  over  his  ears.  Some  divers 
find  benefit  in  putting  cotton  saturated  with  oil  in  their  ears.  If  the  shoulder 
pad  is  used  it  is  now  put  on  and  tied  under  the  diver's  arms.  He  then  gels  into 
the  diving-dress,  which  in  cold  weather  should  be  slightly  warm,  drawing  it  well 
up  to  ihc  waist;  he  next  puts  his  arms  into  the  sleeves,  an  assistant  opening 
the  cuffs  by  means  of  the  cuff  expanders  as  the  diver  pushes  his  hand  through 
the  cuff. 
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"  The  diver  now  sits  down  and  the  inner  colkr  of  the  dress  is  drawn  well 
up  and  tied  around  the  neck  with  a  bit  of  spun  yam;  the  breast-plate  is  next 
put  on,  taking  caie  that  the  rubber  collar  of  the  dress  b  not  torn  in  putting  it 
over  the  projecting  screws  of  the  breast-plate.  The  straps  (four  pieces)  of  the 
breastplate  are  put  over  the  bolts  and  secured  by  the  thumb-screws,  the  center 
of  each  section  being  tightened  first.  It  is  usually  Sufficient  to  tighten  the  thumb- 
screws by  hand,  the  wrench  being  used  only  when  necessary.  The  shoes  are  now 
put  <m.  If  rubber  mittens  arc  to  be  used  the  rings  are  placed  inside  the  cufis, 
the  mittens  drawn  on,  the  clamps  being  fitted  into  the  rings  and  screwed  tight. 
Next  the  helmet,  without  the  front-plate,  is  put  on;  before  doing  this  the  attendant 
should  put  the  helmet  on  his  own  head,  and  placing  his  mouth  over  the  place 
where  the  air  escapes,  blow  strongly;  it  in  order,  the  safety  valve  will  vibrate. 

"  A  loop  of  the  life  line  is  placed  around  the  diver's  waist;  the  line  brought 
up  in  front  of  the  man's  body  and  secured  with  a  bit  of  rope  passing  around  his 
Oeck  or  to  the  stud  on  the  helmet.  If  used,  the  waist  belt  is  buckled  on -with 
the  knife  on  the  left  side,  the  end  of  the  air-hose  being  passed  from  the  front 
through  the  ring  on  the  belt  on  the  man's  left  side  and  up  to  the  inlet  valve  of 
the  helmet  to  which  it  is  secured.  The  upper  part  of  the  hose  is  then  made  fast 
by  lashiog  it  to  the  eyelet  on  the  helmet.  The  diver  now  steps  on  the  ladder, 
or  goes  to  the  side,  and  two  men  are  told  to  man  the  pump.  The  weights  are 
put  on  and  fastened  in  place;  if  belt  weights,  they  are  put  over  the  shoulders, 
the  straps  being  tied  to  the  helmet  and  the  waist  straps  buckled;  if  the  horse- 
shoe pattern,  they  are  hung  to  the  breast-plate  by  placing  the  loops  over  the  stud, 
the  short  loops  ^ing  to  the  front,  both  weights  being  secured  by  a  rope  passing 
around  the  diver's  body.  When  the  attendant  is  sure  that  everything  is  right 
and  the  diver  understands  all  the  signals,  he  gives  the  word, '  Pump,'  and  screws 
in  the  front-plate  securely;  this  done  he  takes  hold  of  the  life  line  and  air-hose 
and  '  pats '  the  top  of  the  helmet,  which  b  the  signal  for  the  diver  to  descend. 
With  inexperienced  men  it  is  better  to  have  a  rope  ladder  down  to  the  bottom, 
but  an  expert  diver  prefers  simply  a  rope,  but  both  must  be  weighted  at  the 
bottom. 

"  Each  diver,  while  under  water,  requires  an  attendant  to  hold  hb  lite  line 
and  air-hose,  both  of  which  should  be  kept  taut  and  dear  of  the  gunnel,  so  that 
any  movement  of  the  diver  may  be  felt.  While  the  diver  b  under  the  water 
no  talking  or  laughing  b  to  be  allowed. 

"  The  diver  should  descend  slowly,  halting  tor  a  tew  minutes  after  his  head 
is  under  water  to  satity  himself  everything  is  correct  and  then  continue  hb  descent. 
If  he  feeb  oppressed  or  has  any  humming  sounds  in  his  ears  he  should  rise  a 
yard  or  two  and  swallow  hb  saliva  several  times.  He  must  not  continue 
to  descend  unless  he  feels  comfortable,  but  return  slowly  to  the  surface.  To  dive 
to  depths  such  as  1 20  to  1 50  feet  and  beyond,  requires  men  of  great  practice  and 
experience. 

"  On  arriving  at  the  bottom  the  diver  should  give  one  pull  on  the  lite  line  to 
signify  that  he  b  all  right.  Divers  should  generally  walk  backwards  in  thick 
water  to  avoid  running  into  anything,  such,  for  example,  as  iron  spikes,  which 
might  break  the  bull's-eye.  The  diver  takes  down  with  him  the  ladder  line, 
which  he  secures  to  the  toot  of  ladder  or  rope  by  which  he  has  descended.  This 
line  should  be  coiled  up  in  his  hand  with  a  loop  around  his  wrist,  and  as  he  leaves 
the  ladder  he  lets  the  line  gradually  uncoil  so  that  if  he  be  any  dbtance  off  he  can 
find  hb  way  back  to  the  ladder  when  he  wishes  to  return.    It  working  in  thick 
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water,  he  should  never  let  go  of  the  ladder  line  when  under  water;  if  by  accident 
he  does  so  and  cannot  find  the  ladder,  he  must  signal  to  be  drawn  up.  He  must 
always  return  to  the  ladder  by  the  way  he  came,  otherwise  he  may  get  hb  air- 
hose  or  life  line  entangled,  unless  in  clear  water  where  he  can  see  plainly  what 
he  is  doing.  When  two  divers  are  down,  they  must  be  careful  not  to  cross  each 
other's  paths  and  thus  get  their  air-hose  and  life  lines  foul. 

"  In  returning  from  moderate  depths  the  diver  should  ascend  very  slowly, 

thus  avoiding  the  effects  of  passing  too  abruptly  from  a  considerable  pressure 

to  that  of  the  open  air,  stopping  now  and  then  to  become  accustomed  to  the  change 

of  pressure.    The  ascent  from  a  depth  of  twenty  fathoms  should  occupy  at  least 

five  minutes.     It  is  more  important 

to  move  slowly  in  rising  than  in 

going  down,  but  the  attendant  will 

always  lower  the  diver  slowly." 

The  greatest  depth  on  record 
for  diving  is  330  feet,  which  was 
made  by  using  the  Be  Pluvy  suit, 
constructed  to  stand  the  water 
pressure  and  supplied  with  chem- 
ically pure  uncompressed  air. 

The  Macduffee  Submarine  Armor, 

Fig.  183a,  is  a  similar  one,  made  of 

aluminum  alloy  and  weighing  about 

five   hundred    pounds.     The   diver 

is  perfectly  helpless  until  the  water 

pressure  overcomes  the  weight  and 

he   can   then    move   about    like   a 

knight  in  armor.    There  are  over 

fifty  ball-bearing  joints,  which  leak 

just  enough  to  lubricate  them,  and 

this   water   is   pumped   out   by   a 

pump  run  by  compressed  air,  the 

pump  being  carried  in  the  chamber 

on  (he  back  of  the  suit.    The  re-  ^ 

leased    air    becomes    available    for 

breathing    and    enough    more     is 

F:c.  i8io.— The  Macduffee  Submarine  Armor,     supplied  through  the  hose  to  enable 

the  diver  to  carry  on  his  work  in 

ordinary   air   pressure.     The   arms  are  provided  with  lights   and    mechanical 

hands  for  carrying  on  work  beneath  the  surface.     Divers  have  been  down  in 

this  suit  in  feet  and  were  brought  to  the  surface  in  eighty  seconds,  whereas 

in  an  ordinary  suit  it  would  have  been  necessary  to  occupy  over  an  hour's  time 

in  ascending,  to  insure  proper  decompression. 
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REMOVING    OLD    PIERS 

CoFFER-DAUS  are  quite  frequently  constructed  for  the  repair 
or  removal  of  existing  piers.  A  pier  which  was  constructed  in  1840 
in  the  river  Famitz,  at  Stettin,  Germany,  became  an  obstruction 
to  navigation  and  it  was  decided  to  remove  it.  The  work  was 
described  in  the  Engineering  News  of  July  14,  1892. 

Its  exterior  showed  a  facing  of  granite  laid  in  hard  Roman  cement, 
and  soundings  revealed  the  existence  of  a  course  of  sheet-piling 
around  the  pier,  with  a  protection  of  riprap  at  its  foot.  The  original 
drawing  of  the  pier  showed  a  pile  foundation.  The  specification 
prescribed  the  use  of  the  old  course  of  sheet-piling  shown  at  a. 
Fig.  188,  for  the  construction  of  the  coffer-dam.  Owing  to  the  belief 
that  the  existing  sheet-piling,  after  having  served  such  a  length  of 
time,  would  not  be  sound  enough  to  permit  of  its  use  in  the  erection 
of  a  coffer-dam,  local  contractors  could  not  be  found  and  the  work 
was  let  to  an  outside  contractor. 

The  preliminary  work  was  begun  by  picking  up  the  riprap  around 
the  foot  of  the  pier  with  a  daw  dredger  mounted  on  a  raft.  Some 
of  the  stones  weighed  as  much  as  a  ton.  The  bottom  of  the  river, 
after  the  riprap  had  been  cleared  away,  was  found  to  be  covered 
with  a  layer  of  concrete,  consisting  of  pieces  of  brick  and  cement. 
This  was  brought  up  in  large  slabs.  The  pier  itself  was  found  to 
be  of  rubble  masonry,  composed  of  irregularly-shaped  granite  blocks 
with  the  interstices  filled  with  brick,  laid  in  cement  mortar.  The 
single  stones  were  detached  and  swung  off  by  the  claws  of  the  dredger. 
Their  average  weight  was  about  1}  tons. 

After  the  masonry  had  been  pulled  down  to  nearly  the  level  of 
the  water  a  row  of  sheet-piling,  shown  at  b  in  Fig.  18S,  consisting  of 
piles  7  inches  thick,  was  driven  to  a  depth  of  nearly  10  feet.  The 
^ace  between  the  old  and  new  sheet-piling  was  filled  with  new  clay. 
To  keep  the  interior  free  from  water  two  pumps  were  employed. 
After  putting  in  the  necessary  bracing  the  work  of  removing  the 
masonry  to  the  bed  of  the  river  was  continued.    A  shell  of  the  latter, 
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however,  was  left  standing.  Then  the  timber  platform  on  which 
the  masonry  had  been  resting  and  the  layer  of  concrete  below  were 
taken  out,  exposing  a  layer  of  clay  underneath.  While  attempting 
to  pull  one  of  the  foundation  piles  a  stream  of  water  rushed  through 
the  opening  thus  formed,  so  that  this  plan  had  to  be  given  up  and 
blasting  resorted  to.    To  do  this  the  tops  of  the  piles  were  bored  to  a 


Fig,  188.— Removal  op  Masonry  Pier  at  Stettin,  Gekuavv. 

depth  of  13  feet  and  filled  with  8.8  pounds  of  dynamite  each.  The 
initial  charges  consisted  of  10.6  ounces  in  air-tight  canisters.  The 
shell  of  masonry  left  standing  received  four  cubical  charges  of 
8.8  pounds  each.  In  all  sixty-eight  charges,  consisting  of  616  pounds 
of  dynamite,  were  used.  The  electric  current  for  the  blast  was  divided 
into  three  currents,  each  being  attached  to  an  induction  apparatus. 
The  blasting,  however,  did  not  prove  to  be  as  effective  as  was  antic- 
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ipated,  owing  to  the  dissolving  action  of  the  water,  and  several  charges 
were  taken  out  intact.  The  clearing  away  of  the  wreck  was  ahnost 
entirely  done  by  the  ciaw  dredges.  The  piles,  which  were  split  and 
loosened  in  their  sockets  by  the  force  of  the  explosion,  were  pulled 
up  by  windlasses  mounted  on  flatboats.  The  work  of  removing  the 
pier  lasted  nearly  nine  months  and  the  cost  was  about  $8700. 

Another  example  of  the  removal  of  a  pier  was  at  Gadsden, 
Ala.,  where  a  pivot  pier  in  the  Coosa  River  had  tilted.  The  pier 
had  been  built  originally  in  a  water-tight  caisson  and  was  sup- 
posed to  have  been  founded  on  solid  rock,  but  by  some  error  a 
layer  of  gravel  was  left  underneath  and  eventually  the  pier  tilted 
down-stream  7  feet,  nearly  throwing  the  swing  span  into  the  river. 

After  the  span  had  been  blocked  up  to  allow  the  passage  of  trains, 
a  coffer-dam  was  built  around  the  pier  to  give  plenty  of  clearance 
to  the  old  caisson.  (Fig.  189,)  This  was  constructed  by  driving 
three  rows  of  sheet-piling  through  sand  and  gravel  to  bed-rock 
and  puddling  between  them. 

The  sand  and  gravel  over  the  rock  were  not  removed  from  the 
bottom  of  the  puddle-chamber  before  puddling  and  a  great  deal 
of  trouble  was  experienced  all  through  the  work  by  leakage  through 
the  porous  gravel.  It  is  probable,  too,  that  a  poor  joint  was  made 
between  the  sheet-piling  and  the  rock. 

Bents  were  erected  upon  the  sides  of  the  coffer-dam  and  by 
driving  piles  into  the  puddle  and  inside  the  dam,  to  carry  a  truss 
on  each  side  of  the  span,  which  carried  the  drum  and  supported 
the  main  trusses  at  ^e  center.  When  this  had  been  tested  by 
Joadbg  with  trains  of  ore  upon  the  bridge  and  found  to  be  satis- 
factory, work  was  at  once  begun  upon  the  removal  of  the  old  pier, 
by  means  of  two  fixed  derricks  on  the  false  work  ahd  one  floating 
derrick.  The  stones  were  marked  as  they  were  removed  to  insure 
their  return  to  proper  places  when  the  pier  was  rebuilt,  and  was 
taken  to  the  shore  until  needed  again.  When  the  masonry  was  all 
removed  the  grillage  was  broken  up  and  taken  out,  after  which  the 
gravel  inside  the  cofTer-dam  was  cleaned  out  down  to  bed-rock. 
New  footing  courses  were  laid  to  take  the  place  of  the  gravel  and  old 
grillage,  and  the  old  stonework  relaid  by  placing  each  course  in  its 
former  position  as  nearly  as  possible.  The  pier  was  about  80  feet 
high  and  contained  about  1 100  yards  of  masonry.  The  work  occupied 
from  Sept.  15  to  Dec.  25,  1888,  and  was  done  under  the  direction 
of  Cecil  Frazer.  The  description  is  taken  from  the  Engineering 
News  of  April  13,  1893. 

The  reconstruction  of  the  center  span  of  the  central  viaduct 
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across  the  Cuyahoga  River,  Cleveland,  involved  the  elimination 
of  the  old  low-level  drawspan  and  the  substitution  of  a  high-level 
fixed  span,  as  described  in  the  Engineering  Record  of  July  6,  1912. 
The  expensive  old  shore-piers  were  retained  and  their  foundations 


■      I 


were  reinforced  and  extended  as  described  in  the  Engineering  Record 
of  June  29,  1912,  The  improvement  also  involved  the  removal 
of  the  old  pivot  pier  by  the  Great  Lakes  Dredge  &  Dock  Company, 
which  was  the  contractor  for  the  reinforcement  of  the  old  side  piers. 
This  is  described  in  the  Engineering  Record  for  May  31,  rgij. 
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The  octagonal  pier  shaft,  54  feet  high  and  averaging  37  feet  in 
short  diameter,  consisted  of  thirty  courses  of  dimension  stones  from 
16  to  24  inches  high.  It  rested  about  4  feet  below  water  level  on  an 
octagonal  grillage,  from  44^  to  56^  feet  in  short  diameter,  which  was 
composed  of  seventeen  courses  of  1 2  X  12-inch  timbers  on  a  pUe  founda- 
tion. The  stone  work  approximated  21Q0  cubic  yards  and  weighed 
about  4732  tons.  The  grillage  contained  78,000  feet  board  measure 
of  white  pine  and  355,000  feet  board  measure  of  white  oak,  which 
together  had  an  average  weight  of  about  69  pounds  per  cubic  foot, 
computed  from  the  floating  displacement.-  There  were  477  founda- 
tion piles,  all  of  which  had  been  in  place  since  about  1886. 

The  stones  were  wedged  apart  and  removed  by  a  floating  derrick, 
very  little  drilling  and  blasting  being  required,  so  that  most  of  the 
.material  was  salvaged  for  future  use.  The  stones  below  water  level 
were  removed  in  the  dry  by  the  use  of  the  old  coffer-dam  constructed 
for  the  original  erection  of  the  pier,  and  were  left  in  position  after 
the  completion  of  this  work.  The  coffer-dam  consisted  of  five  courses 
of  6X  12-inch  timber  laid  edgewise  around  the  periphery  of  the 
grillage.  This  was  reinforced  and  pumped  out  sufficiently  for  the 
requirements  of  the  work. 

After  the  removal  of  all  of  the  stone  work  the  coffer-dam  was 
again  pumped  dry  and  the  buoyancy  of  the  grillage,  aided  by  the 
lifting  power  of  the  dredge,  enabled  the  grillage  to  be  raised  clear 
of  the  foundation  piles  and  floated.  It  was  towed  to  a  convenient 
point  and  two  pile  bents  were  driven  as  closely  as  possible  to  it,  dia- 
metrically opposite  each  other.  Three  sets  of  li-inch  chains  sus- 
pended from  the  pile  caps  were  attached  to  the  grillage  and  were 
jacked  up  to  raise  the  latter.  As  the  grillage  was  lifted  the  successive 
courses,  most  of  which  were  fastened  in  both  directions  by  30-inch 
drift-bolts  3  to  4  feet  apart,  were  wedged  apart  and  pulled  off  by  a 
floatii^  derrick.  This  work  was  accomplished  with  considerable 
difficulty  at  flrst,  but  later  on  it  was  performed  more  easily  and 
resulted  in  salvaging  about  91  per  cent  of  all  the  timber. 

After  the  removal  of  the  grillage  from  the  foundation  piles,  the 
mud  around  the  tops  of  the  latter  was  dredged  where  necessary  to  a 
depth  of  s  to  6  feet,  by  a  clam-shell  bucket  and  the  old  piles  were 
driven  down  by  the  use  of  a  heavy  timber  follower  about  30  feet  long, 
with  an  iron  ring  at  the  lower  end,  which  was  placed  over  the  heads 
of  the  piles  by  a  diver,  who  followed  them  down  to  an  a\'erage  depth 
of  about  5  feet.  None  of  the  old  foundation  piles  was  pulled  or 
broken  off,  but  they  were  followed  down,  to  give  a  clear  depth  of 
25  feet  over  the  top  of  piles.    The  old  broken  protection  piles 
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surrounding  the  pier  were  either  pulled  or  cut  off  square  by 
divers. 

The  removal  of  the  stone  work  was  conunenced  Sept.  7  and 
completed  Nov.  29, 191 2.  The  removal  of  the  grillage  was  commenced 
Dec.  10,  1912;  the  separation  of  its  timbers  was  commenced  Jan. 
25,  1913,  and  was  finished  Feb.  25.  The  driving  down  of  the  old 
piles  was  commenced  Dec.  16  and  finished  Feb.  7, 

The  old  Eleventh  Street  bridge  piers  at  Tacoma,  Wn.,  re- 
moved by  the  author  during  the  construction  of  a  new  steel  bridge, 


Fic.  iQo.— Old  Pivot  Pier,  Tacoma,  Wn. 

were  steel  cylinders  filled  with  concrete  and  resting  upon  piles  driven 
into  the  sand  bottom.  Three  of  the  piers,  44  feet  long,  were  made 
up  of  two  cylinders,  one  set  8  feet  in  diameter  and  two  sets  10 
feet  in  diameter  braced  together  with  latticed  stmts  and  rods.  The 
old  pivot  pier  (Fig.  190),  was  34  feet  in  diameter  and  62  feet  total 
height,  the  steel  shell  being  filled  solid  with  concrete  up  to  within 
about  30  feet  of  the  top,  above  which  it  consisted  simply  of  a  ring  of 
concrete  averaging  about  5  feet  in  thickness  to  carry  the  circular 
track,  while  plate  girders  crossing  at  right  angles  at  the  top  supported 
the  center. 

The  bracing  between   the  two  cylinders  forming  one  pier  was 
removed,  and  a  clam-shell  bucket  on  one  of  the  derrick  scows  used 
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to  dig  out  the  material  around  each  tube,  down  to  considerably 
below  the  bottom  of  the  pier.  Heavy  lashings  of  i-inch  cable  were 
placed  on  each  cylinder  a  short  way  from  the  top  and  bottom,  and 
then  the  piles  holding  up  the  tube  shot  off  by  aid  of  a  diver,  so 
that  the  tube  was  dropped  over  on  its  side.  Each  one  weighed 
about  150  tons,  so  that  two  scows  were  employed  to  pick  it  up  and 
take  it  out  to  deep  water.  Across  these  two  scows  were  placed  two 
fir  saw-logs  about  4  feet  in  diameter,  resting  on  12X12  timbers 
on  the  scows  to  distribute  the  load,  as  shown  in  Fig.  191,  and  then 
the  di\'er  picked  up  the  lashings  and  made  them  fast  around  the  logs 
at  low  tide.    With  an  i8-foot  rise  in  the  tide  the  scows  lifted  the 


n  OF  Old  Piers. 


tube  clear  of  the  bottom  and  it  was  then  towed  out  by  the  tug  to 
deep  water,  where  the  depth  was  about  150  to  200  feet,  at  a  distance 
of  a  mile  away  from  the  bridge.  The  wire-rope  lashings  were  let 
go  and  the  tube  rolled  out  and  dropped  to  the  bottom,  the  clamps 
having  been  previously  removed  and  arranged  for  this  purpose. 
The  same  operation  was  repeated  with  the  five  remaining  tubes, 
and  the  crew  became  so  expert  at  it  that  it  was  only  a  matter  of  a 
few  hours  to  wreck  one  of  the  tubes  and  drop  it  in  deep  water. 

The  removal  of  the  center  pier  shown  in  Fig.  192  was  a  more 
serious  undertaking,  and  a  coffer-dam  would  have  been  placed  around 
It  except  for  the  limited  channel  room,  consequently  it  was  decided 
to  drill  the  concrete,  and  break  it  up  with  dynamite  so  that  it  could 
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be  removed  with  skips  operated  from  the  derrick  scows.  As  fast  as 
the  concrete  was  shot  down  the  curved  plates  were  cut  loose  and 
removed  one  ring  at  a  time,  and  when  the  pier  had  been  demolished 
and  removed  down  to  about  3  feet  above  low  water,  the  heads  of  the 
piles  holding  up  the  pier  were  reached  and  they  were  bored  with  a 
wood  auger  to  a  depth  of  about  12  feet.  The  holes  were  then  loaded 
with  from  twenty  to  forty. sticks  of  dynamite  and  four  holes  shot 
off  at  one  time  with  the  battery,  breaking  out  a  section  of  the  pier 
on  one  side  and  dropping  the  broken  concrete  to  the  bottom,  where 
it  could  be  dredged  up  with  an  orange-p>eel  bucket.  Before  these 
shots  were  fired  the  curved  plates  were  removed  clear  to  the  bottom 
of  the  pier.  After  all  of  these  shots  in  the  piles  had  been  fired,  and 
the  material  picked  up  with  a  dredge,  the  divers  started  in  and  shot 
off  the  piles  in  rows,  allowing  the  remaining  concrete,  which  was 
verj'  friable,  to  break  to  pieces  and  drop  to  the  bottom,  where  it  could 
be  picked  up  with  Ihe  orange-peel.  Row  after  row  was  shot  off  in 
this  way,  until  the  entire  pier  was  removed  down  to  the  elevation 
required  by  the  United  States  Engineers;  no  requirement  having 
been  made  as  to  the  removal  of  the  stubs  of  the  piles,  which  would 
not  interfere  with  future  dredging,  but  would  drop  out  and  pop  to 
the  surface  as  the  dredge  reached  them. 

The  work  occupied  about  six  months,  the  progress  having  been 
very  slow  on  account  of  the  fact  that  very  small  charges  of  dynamite 
were  allowed,  ranging  from  five  to  forty  sticks  at  a  time,  although  no 
serious  jar  was  felt  on  the  new  bridge  adjacent.  Some  of  the  con- 
crete dropped  to  the  bottom  in  chunks  too  large  to  be  picked  up 
by  the  dredge,  and  usually  four  or  five  sticks  of  dynamite  laid  on 
them  by  the  diver,  and  discharged  by  the  battery,  broke  them  up 
in  small  enough  pieces  to  be  dredged  out  without  any  trouble. 

The  old  bridge  of  the  Oregon-Washington  Railway  and  Naviga- 
tion Company  at  Portland,  Ore.,  was  built  about  the  year  1889 
from  the  plans  of  Geo.  S,  Morison,  Consulting  Engineer,  and  was 
replaced  in  1912,  thus  having  lasted  about  twenty-three  years  under 
very  severe  usage  and  a  very  great  increase  in  the  train  and  street 
loading.  The  lower  deck  carried  a  single-track  railway,  while  the 
upper  deck  carried  the  street  traffic  and  electric  double-track  lines 
on  the  roadway  and  foot-passenger  traffic  on  the  two  narrow  sidewalks. 

The  bridge  consisted  (Figs.  193  and  194)  of  a  340-foot  draw 
span,  a  320-foot  fixed  span  on  the  east  side  and  several  shorter  spans 
on  the  west  shore.  The  pivot  pier  was  a  steel  cylinder  31  feet  in 
diameter  filled  with  concrete  and  resting  on  piles  and  a  grillage, 
the  piles  having  been  cut  off  below  low  water  in  the  usual  way.    The 
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other  principal  pier,  at  the  east  end  of  the  draw  span,  was  of  cylinders 
14  feet  in  diameter,  filled  with  concrete  and  resting  on  piles,  nineteen 
to  each  cylinder  and  extending  up  into  the  concrete.  The  main 
pier  on  the  west  bank  was  of  smaller  tubes  but  constructed  in  the 
same  manner,  and  there  were  three  piers  still  smaller,  on  shore  at 
the  west  side  of  the  river. 

The  bridge  spans  the  Willamette  River  in  the  City  of  Portland, 
eight  miles  above  its  confluence  with  the  Columbia.  The  highest 
water  usually  occurs  in  June  and  is  due  to  high  water  in  the  Columbia. 
The  extreme  range  is  28  feet.  A  flood  frequently  occurs  in  winter 
or  spring  from  the  rising  of  the  Willamette  and  these  floods  have 
been  known  to  rise  20  feet  above  low  water,  but  this  is  an  unusual 


Fio.  193.— Piers  of  Old  Steel  Bhidce,  Pobtland. 

occurrence.  These  Willamette  floods  are  of  course  accompanied  by 
a  considerable  current,  but  during  the  highest  stage,  due  to  the  back- 
water from  the  Columbia,  there  is  either  no  current  at  all  or  else  a 
slight  current  up-stream. 

No  drift  runs  except  durmg  the  flood  from  the  Willamette.  These 
considerations  making  a  very  short  season  for  work,  the  closeness 
of  the  bridge  to  the  new  structure  and  to  structures  on  the  bank, 
as  well  as  the  very  frequent  passing  of  boats,  rendered  the  problem 
of  removing  the  old  piers  a  difficult  one. 

The  draw  span  was  swung  around  over  the  draw  rest  (Fig.  193), 
and  blocked  up  while  being  dismantled  and  taken  apart.  The 
jzo-foot  fixed  span  was  falseworkcd  and  removed  with  very  little 
difficulty.  Then  the  draw  rest  was  pulled  apart  and  the  pDes 
broken  off  or  pulled. 
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Owing  to  the  fact  that  much  of  the  channel  had  a  depth  (Fig. 
194)  of  from  40  to  60  feet  at  low  water,  the  Government  Engineer 
Department  allowed  the  piers  to  be  blasted  apart  and  shot  off  down 
to  the  depth  required  for  navigation  at  low  water,  and  the  piers  or 
material  composing  them  deposited  in  the  deepest  places. 

No  particular  trouble  was  experienced  in  tJie  cutting  apart  of  the 
metal  work  above  the  water,  nor  in  removing  the  concrete  down 
to  that  point.  Owing  to  the  very  con^derable  depth,  coffer-dams 
were  out  of  the  question,  and  it  became  necessary  to  either  shoot 
the  piers  apart  by  the  aid  of  a  diver,  and  then  dredge  the  material 
out  into  or  onto  scows,  and  dump  it  in  deep  water;  or  else  dredge 
around  the  piers,  shoot  off  the  supporting  piles,  tip  the  tubes  over 
into  the  deep  water  or  in  case  they  did  not  land  in  deep  enough 
wa.ter,  have  the  diver  attach  wire  rope  tackle  to  them,  and  drag  or 
toll  them  into  deep  water  by  the  aid  of  tugboats. 

The  undermining  of  the  two  cylinders  composing  the  east  pier 
was  accomplished  without  any  particular  trouble,  and  by  the  aid 
of  a  diver  the  piles  were  shot  off,  so  that  the  pier  tipped  over  into 
deep  water  where  it  required  no  further  attention.  The  center  pier 
was  undermined  and  the  grillage  pulled  apart  so  that  it  tipped  over 
part  way  into  deep  water,  but  still  stood  up  at  an  angle  which  brought 
part  of  it  above  the  depth  required  for  navigation.  This  portion 
of  it  was  shot  off  by  a  diver  using  charges  as  high  as  200  pounds  at 
one  time,  causing  severe  j?rs  to  surrounding  buildings  and  structures. 
A  very  considerable  time  and  about  $igoo  worth  of  dynamite  were 
expended  before  it  was  r  .moved  to  the  required  depth. 

The  pier  at  the  west,  bank  was  allowed  to  remain  for  service  as 
part  of  a  wharf  foundation,  but  the  plates  were  cut  off  of  the  ones  on 
shore,  the  concrete  broken  up  and  all  hauled  away  by  cars. 

The  foregoing  accounts  indicate'  that  where  the  workmanship 
on  piers  has  been  first  class,  it  costs  more  for  labor  in  many  cases 
to  remove  them  than  to  construct  them  in  the  first  instance.  For 
this  reason,  if  no  other,  it  is  incumbent  upon  the  engineer  to  look 
ahead  and  so  carefully  plan,  if  possible,  that  the  piers  at  least  can 
be  utilized  in  supporting  a  new  superstructure  when  it  is  required. 
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The  degree  of  success  which  has  been  attained  in  the  building 
of  a  coffer-dam  will  be  evident  when  the  pumping  process  is  begun. 
After  having  been  pumped  out,  if  the  leakage  is  so  small  as  to 
require  only  a  small  amount  of  pumping  to  keep  it  free  from  water, 
it  may  reasonably  be  considered  a  success. 

The  pumping  should  not  exceed  what  can  be  done  by  a  steam- 
siphon,  a  small  pulsometer,  or  by  running  a  centrifugal  pump  inter- 
mittently. Should  leaks  develop 
which  cannot  readily  be  contended 
with,  then  repairs  must  be  made. 

The  use  of  pumps  for  this  class 
of  work  on  ancient  bridges  is 
described  by  Cresy.  The  bascule, 
used  by  Perronet  at  the  bridge 
of  Orleans  (Fig,  195),  is  one  of  the 
most  primitive  forms.  It  consists 
of  a  seesaw  apparatus,  at  each  end 
of  which  ten  men  were  placed, 
and  150  motions  were  given  in  it 
each  quarter  of  an  hour.  Four 
cubic  feet  of  water  were  raised  3 
feet  each  time,  orabout  300  gallons 
per  minute.  Various  other  kinds 
of  pumps  were  used  at  this  bridge, 

among  them  the  chaplet,  which  is  similar  to  a  modern  chain-pump, 
worked  by  hand.  Then  the  same  device  was  employed,  but  geared 
to  be  operated  by  horses  on  a  platform.    A  chaplet  operated  by  a 

*AtteDtion  is  called  to  the  numerous  references  in  other  chapters  to  the  pumping 
t^ants  actually  employed  on  coffer-dams,  and  especially  to  the  plant  used  at  Topefea. 

Great  care  ahoutd  always  be  given  to  the  selection  o(  a  pumping  plant  of  the  proper 
type  and  proper  site,  as  the  statements  regarding  capacity  are  often  misleading.  The 
outfit  should  be,  if  needed,  one  able  to  take  care  of  the  dredging,  if  the  material  is  such 
tliat  it  can  be  pumped.      , 


'Fig.  195.— OlD  Buscuix  Pomp. 
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water-wheel  was  also  used.  {Figs.  196  and  197.)  The  large  wheel 
had  124  cogs,  while  the  pinion  had  15,  which  caused  the  raising  of 
over  sixty-six  buckets  on  the  chain  for  each  turn  of  the  large  wheel. 
At  180  turns  of  the  wheel  per  hour,  with  each  bucket  Ufting  290 
cubic  inches  of  water,  the  capacity  was  about  250  gallons  per  minute. 


Fig.  igd.—Out  Cuai'BLet,  Side  Elevation. 

A  great  bucket-wheel  was  employed  by  the  same  engineer  at 
the  Neuilly  bridge,  16  feet  6  inches  in  diameter,  4  feet  6  inches  wide, 
with  sixteen  buckets. 

The  pumps  used  at  the  present  time  on  very  small  work  are 
usually  square  wooden-box  lift-pumps,  such  as  are  used  on  large 
river  barges,  and  are  worketl  by  one  or  more  men  lifting  on  a  plunger. 


Fig.  iq;.— Old  Chapelkt,  End  Elevation. 

These  are  often  replaced  by  a  similar  pump  of  metal  (Figs.  198 
and  199)  with  a  tube  of  galvanized  metal,  and  often  spiral- riveted. 
The  one  shown  in  Fig.  81  has  the  top  and  bottom  soldered  to  the  tube, 
while  the  one  in  Fig.  82  has  screw  joints.  The  cost  of  a  4-inch  pump 
8  feet  long  with  fixed  top  and  bottom  would  be  about  $6,  while  the 
screw  joints  would  about  double  the  cost. 

Such  pumps   are,   however,   little   used,   as^  the  labor  becomes 
excessive  where  there  is  any  quantity  of  water  to  deal  with,  and 
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diaphragm  pumps  (Fig.  200)  are  employed,  which  work  on  a  rubber 
diaphragm  in  place  of  a  piston  and  plunger,  and  throw  a  large 
amount  of  water,  besides  allowing  the  passage  of  sand  and  gravel 
without  choking  the  pump.  The  2^-inch  suction  has  a  capacity 
of  25  gallons  per  minute,  and  the  3-inch  suction  of  58  gallons  per 
minute,  the  list  price  of  the  two  sizes  being  $20  and  $26,  respectively; 
the  maximum  lift  of  the  pump  being  30  feet. 

Diaphragm  pumps  already  described  that  are  operated  by  hand 
are  rapidly  being  superseded  by  diaphragm  pumps  operated  by 
gasoline  engine  (Fig.  201),  and  they  are,  of  course,  very  much  more 


t'lG.  198,  Fig.  :9g.  Fig.  100. 

Hand-fuup,  Hand-puup,  Diapkragu  Puup. 

Soldered  Joints.  Sceew  Joints. 

efficient  and  economical  than  similar  pumps  operated  by  hand. 
They  should  be  used  only  where  judgment  dictates  that  they  are 
cheaper  than  some  type  of  steam  pump,  or  else  it  is  impossible  to 
use  a  steam-driven  pump,  on  account  of  the  expense  of  moving  the 
steam  plant.  The  No.  3  pump,  with  3-inch  suction,  weighs  750  pounds 
and  has  a  capacity  of  3000  gallons  per  hour,  while  the  No.  4,  with 
a  4-inch  suction,  weighs  790  pounds  and  has  a  capacity  of  6000 
gallons  per  hour.  Both  are  operated  by  3-horsc-power  gasoline  engines. 
Where  steam  can  be  obtained  steam-siphons  are  often  used, 
the  steam  being  introduced  into  the  main  pipe  through  a  nozzle, 
thus  causing  a  suction,  which  with  a  3-inch  discharge  Van  Duzen 
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jet  will  deliver  7200  gallons  of  water  per  hour,  the  height  of  the 
pump  above  water  being  11  feet,  the  point  of  discharge  being  19 
feet  above  the  pump,  making  a  total  lift  of  30  feet.  This  size  will 
require  an  i8-horse-power  boiler  and  a  steam  pressure  of  50  pounds. 
The  suction-pipe  is  i  inch  larger  than  the  discharge,  while  the  steam- 
pipe  is  ij  inches  in  diameter,  with  a  jet  opening  of  about  }f  inch. 

The  list  price  of  a  pump  of  this  size  (Fig.  202)  is  $36,  the  piping 
being  extra.  The  pump  is  constructed  of  gun-metal  and  will  last 
indefinitely.  The  strainer  should  always  be  used  and  will  cost 
about  $4  extra  for  the  4-inch  pipe.  The  piping  should  have  long 
bends  in  place  of  elbows  where  a  turn  is  required. 


Fig.  aoi. — Gasoline  Diaphragm  Pomp. 

This  make  of  pump  is  manufactured  from  4"inch  discharge, 
with  a  capacity  of  200  gallons  per  hour,  up  to  5-inch  discharge 
with  a  capacity  of  12,000  gallons  per  hour.  The  smaller  sizes  are 
useful  for  priming  centrifugal  pumps  and  for  a  variety  of  uses  around 
a  contractor's  plant. 

The  Lansdell  siphon-pump  (Fig.  203)  has  a  double  suction  CC, 
to  which  rubber  suction-pipes  are  attached.  The  steam-pipe  is 
attached  to  B,  and  when  the  steam  is  turned  on  it  is  blown  across 
A  and  through  D,  thus  exhausting  the  air  from  the  chamber  A. 
Water  rises  through  CC  by  atmospheric  pressure  to  fill  the  vacuum, 
and  it  is  forced  out  through  D  by  the  steam,  the  velocity  being  pro- 
portional to  the  steam  pressure.  The  steam  supply  should  be  as 
close  to  the  pump  as  possible,   to  prevent  condensation,  and  the 


D.qit.zeaOvGoOt^lc 


PUMPING  AND  DREDGING  287 

turns  in  the  pipe  should  be  easy  bends,  as  stated  regarding  the 
Van  Duzen  jet.  When  the  height  to  which  the  water  is  to  be  pumped 
exceeds  14  feet,  the  suction-pipes  must  be  long  enough  to  allow  the 
center  of  the  pump  to  be  placed  14  feet  above  the  water.  With  a 
3-inch  discharge,  a  ij-inch  steam-pipe  is  required  and  a  12-horse- 
power  boiler.  With  a  6-inch  discharge  a  2j-inch  steam-pipe  is 
required  and  a  so-horse-power  boiler. 


Pta.  203. — Lansdell's  Siphon-pi 


The  rated  capacity  of  the  3-inch  is  450  gallons  per  minute;  of  the 
6-inch,  iSoo  gallons.  But  this  would  likely  not  be  realized  in 
practice. 

The  vacuum-pump  which  has  reached  the  most  general  adoption 
is  the  pulsometer,  and  is  in  many  ways  better  adapted  to  light  service 
than  a  centrifugal  pump  of  small  size.  There  are  no  bearings  to 
keep  up,  no  belts  to  keep  tight,  and  no  trouble  in  preparing  a  founda- 
tion, as  the  pump  is  suspended  by  the  hook  shown  in  Fig.  204.  The 
pump  is  operated  by  admitting  the  steam  through  the  pipe  at  the 
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extreme  top  (Fig.  205),  the  pump  having  been  previously  primed 
by  filling  the  middle  chamber  with  water.  The  air-valves  are  closed 
and  the  steam  passes  into  the  right-hand  chamber  A,  clearing  it  of 
water  by  forcing  it  into  the  discharge-chamber  shown  in  dotted  lines. 
The  steam  then  condenses  at  once  and  the  ball  C  changes  its  seat, 


Fic.  204.— PutsoMETER  Steau-pump.  Fig.  205.— Section  of  Puisoheter. 

closing  the  right-hand  and  opening  the  left-hand  chamber  to  the 
steam.  The  vacuum,  formed  by  Ihc  steam  condensing  in  the  right- 
hand  chamber  A.  allows  it  to  fill  with  water  by  atmospheric  pressure 
through  the  suction  pipe  at  the  extreme  bottom  and  through  the 
chamber  D,  it  being  retained  by  the  valves  E,  E.    The  steam  then 
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enters  the  left-hand  chamber  A  and  the  operation  is  repeated.  The 
chamber  /  is  a  vacuum-chamber. 

In  starting  the  pun?p  the  steam  is  turned  on  for  three  or  four 
seconds,  then  shut  off  for  four  or  five  seconds,  alternating  these 
movements  until  the  pump  is  started. 
The  steam  is  then  turned  on  about 
half  or  three-quarters  of  a  revolu- 
tion, tlie  two  side  air-valves  opened 
about  half  a  turn,  and   then   the       1 
middle  air-valve  opened  slowly  until       i 
a  regular  stroke  is  obtained.  '< 

The  capacity  of  the  3-inch  dis- 
charge, with  a  i-inch  steam-pipe  [ 
and  operated  by  a  9-horse-power 
boiler,  is  180  gallons  per  minute 
when  the  lift  is  as  much  as  25  feet; 
and  for  the  6-inch  discharge,  with 
a  ij-inch  steam-pipe  and  operated 
by  a  35-horse-power  boiler,  1000 
gallons  for  the  same  lift. 

The  pulsometer    is    remarkably 
smooth  in  operation,  and  except  for        ; 
the  slight  click  of  the  ball  arid  the        ' 
discharge  of  water  in  a  steadyslream, 
one   would    scarcely    know    it   was 
pumping.    Where  a  good-sized  hoist- 
ing-engine boiler  is  in  use  on  founda-        \ 
tion  work,  it  can  be  used  to  supply 
the  steam  for  pumping.    The  work        1 
illustrated  in  Fig.  4  was  easily  kept        | 

free  of  water  by  a  small  pulsometer,         |  | 

while  its  use  has   been  cited    in   a  ' 

number  of  cases  where  the  coffer-  ■  - 

dam  was  pumped  out  by  a  centrifu- 
gal pump,  and  then  the  leakage  kept 

under    control    by   a   medium-sized  ^'<'-  '°6.^Ebbrso«  Pu«.. 

pulsometer,  which  required  but  little 

attention.  The  pump  should  be  provided  with  a  strainer  at 
the  bottom  of  the  suction-pipe,  all  the  connections  must  be  air- 
tight, no  sharp  bends  should  be  made  in  the  pipe,  and  with  dry  steam 
successful  working  will  result.  Another  pump  of  similar  construc- 
tion is  the  Maslin  automatic  vacuum-pump,  which  differs  from  it 
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in  important  details.    What  has  been  said  regarding  the  pulsometer 
will  apply  as  well  to  the  Maslin  pump. 

The  Emerson  foundation  pump  is  one  which  has  been  much 
used  of  late  years  and  gives  much  better  service  in  pumping  out 
coffer-dams  or  cribs,  than 
any  other  style  of  pump 
except  the  centrifugal. 
This  pump  is  shown  in 
Fig.  2o6  in  elevation,  and 
in  section  in  Fig.  207, 
The  sizes  of  these  pumps 
are  given  in  Table  XXVI. 
In  using  them  great  care 
must  be  taken  to  see  that 
the  piping  on  the  pump 
is  properly  connected  up 
as  originally  received  from 
the  factory,  or  as  may  be 
learned  from  the  instruc- 
tions accompanying  each 
pump.  They  can  be  swung 
from  a  derrick  or  hung  up 
by  sling  around  a  timber 
in  a  coffer-dam,  and  as 
they  take  up  such  a  small 
amount  of  space  horizon- 
tally, they  will  be  found 
very  convenient,  especi- 
ally where  the  working 
room  is  limited. 

All  the  foregoing  de- 
vices are  for  use  where 
the  amount  of  water  to 
be  handled  in  a  given  time 
is  of  limited  amount,  but 
where  large  quantities  are 
Fic.  207.-EUERSON  Pump,  Section.  tobe  pumped  out  of  CofTer- 

dams  in  short  periods  of 
time,  recourse  must  be  had  to  centrifugal  pumps,  which  have  reached 
a  high  state  of  perfection.  Where  the  water  is  to  be  lifted  10  feet 
an  ordinary  reciprocating  pump  would  exhibit  an  efficiency  of  only 
30  per  cent.,  while  a  centrifugal  pump  would  have  an  efficiency  of 
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64  per  cent.  For  a  lift  of  17  feet  the  reciprocating  type  would  have 
an  efficiency  of  50  per  cent.,  while  the  centrifugal  would  reach  its 
maximum  of  69  per  cent,  efficiency,  dropping  to  only  50  per  cent, 
for  a  lift  of  50  feet,  while  the  other  tjpes  would  increase  to  75  per 
cent  From  this  it  will  be  seen  that  the  centrifugal  pump  is  essen- 
tially a  low-lift  machine. 

Actual  tests  of  pumps  show  that  the  maximum  results  are  very 
seldom  realized,  a  9-inch  discharge  of  one  make  showing  an  increase  ■ 
from  46.52  per  cent,  for  a  12.25-foot  lift  to  57.57  per  cent,  for  a  13.08- 
loot  lift,  while  another  make  of  lo-inch  discharge  shows  a  decrease 
from  64.5  per  cent,  for  a  12.33-foot  lift  to  55.72  per  cent,  for  a  13-foot 
lift.  The  greatest  efficiency  at  hand  is  shown  by  a  German  pump 
with  a  gl-inch  discharge,  a  10.3-inch  suction  and  a  20.5-inch  disk, 
running  at  500  revolutions.  The  lift  was  16.46  feet  and  the  efficiency 
73.1  per  cent.! 

That  such  results  are  not  realized  on  actual  work  is  readily  under- 
stood when  it  is  considered  what  little  care  is  used  to  properly  place 
and  operate  such  a  plant,  how  little  attention  is  paid  to  having  a 
proper  boiler  and  engine,  and  what  lack  of  care  there  often  is  to  keep 
the  plant  in  good  repair. 

An  ideal  outfit  for  operating  by  steam  is  shown  in  Fig.  308,  where 
the  engine  is  directly  connected  to  a  Heald  &  Sisco  pump,  all  the 
trouble  and  vexation  from  the  use  of  a  belt  being  done  away  with, 
and  no  loss  of  power  through  slipping  of  belts.  The  machine  can  be 
placed  on  the  barge  which  carries  the  boiler,  the  suction-pipe  being 
run  horizontally  across  as  in  Fig.  308,  while  a  short  discharge-pipe 
discharges  directly  into  the  river.  Where  electric  power  plants  are 
available  a  still  better  arrangement  will  be  to  have  an  electric  motor 
directly  connected  to  the  pump,  and  all  the  trouble  incident  to  the 
use  of  a  boiler  on  the  work  will  be  avoided. 

Electric  power  can  also  be  used  for  hoisting  and  for  pile-driving. 
Examples  of  the  use  of  motors  on  hoisting  machinery  will  be  given 
in  a  later  article. 

The  suction  should  always  be  fitted  with  a  section  of  smooth- 
bore rubber  hose  (Fig.  209,  a)  to  give  it  flexibility,  a  length  of  about 
8  feet  being  usually  sufficient.  The  best  hose  is  made  with  a  spiral 
metal  core,  which  adds  to  its  strength  and  durability. 

The  suction-pipe  is  ordinarily  made  of  sections  of  wrought-iron 
pipe,  with  screw  connections,  but  as  this  is  troublesome  to  change 
sections,  it  will  be  found  advantageous  to  use  the  spiral-riveted  pipe 
with  flange  couplings  (Fig.  209,  b),  and  to  have  extra  sections  from 
2  to  6  feet  long,  with  several  sections  of  each  shorter  length  so  that 
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the  length  of  the  suction-pipe  can  be  readily  changed  to  suit  the 
depth  ofthe  excavation.  The  flanges  must  be  provided  with  rubber 
gaskets  to  keep  the  pipe  air-tight. 

The  strainer  (Fig.  209,  c)  is  used  to  prevent  large  stones,  sticks, 
or  obstructions  from  entering  and  clogging  ordinary  pumps,  and 
usually  comprises  a  foot-val\'e  to  retain  a  pipe  full  of  water  and  make 
the  priming  easy.    The  strainer  or  end  of  the  suction-pipe  is  usually 


Fic.  jo8.— Centrifugal  Pump,  Directly  Connected  to  Engine. 

placed  in  the  lowest  point,  and  sometimes  a  box  or  sump  is  pro- 
vided, as  a  well  into  which  the  water  is  drained  from  the  other  and 
higher  portions  of  the  work,  A  small  set  of  falls  should  be  attached 
to  the  foot  to  raise  the  pipe  and  clean  out  the  strainer  when 
necessary. 

The  centrifugal  pump  itself  must  be  in  first-class  repair  to  do 
economical  work,  and  should  be  a  large  enough  size  so  that  it  need 
not  be  run  beyond  its  economical  capacity.    The  style  of  pump  to  use 
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will  depend  upon  the  work  to  be  done,  and  for  coffer-dam  work  a 
vertical  pump  is  not  often  used,  but  data  regarding  it  is  given. 
Where  practically  clean  water  is  to  be  pumped  an  ordinary  style 
of  pump  should  be  used,  but  where  much  mud  or  sand  ^vill  be  drawn 
up  a  sand-pump  is  best;  and  where  a  large  part  of  the  excavation 
is  to  be  done  with  the  pump,  as  at  Topeka,  a  dredging-pump  will 
be  the  proper  type. 

The  pumping  required  on  the  Chattanooga  work,  5000  gallons 
per  minute  to  a  height  of  about  15  feet,  would  have  been  done  most 
economically  by  a  15-inch  pump,  with  a  40-horse-power  engine  and 
a  50-hor5e-power  boiler.  But  a  pump  of  this  size  would  not  find 
ready  use  in  a  contractor's  work,  and  for  this  reason  two  8-inch 


Fig.  309.— Suction  Details  fob  Puufs. 


pumps  would  have  been  the  better  outfit  to  purchase,  unless  the 
work  was  very  extensive;  and  each  pump  should  be  provided  with 
a  25-  or  30-horse-power  engine,  so  as  to  run  the  pumps  somewhat 
beyond  the  economical  capacity,  which  could  readily  be  done  with 
a  direct- connected  engine,  where  there  would  be  no  belt  to  slip. 

The  work  required  on  the  Forth  Bridge  coffer-dams  could  also 
be  done  by  the  15-inch  pump  above  described,  the  lift  being  about 
3  feet  at  the  start  and  reaching  18  feet  as  the  dam  was  cleared,  the 
340,000  gallons  being  pumped  out  in  about  one  hour. 

Centrifugal  pumps  are  rarely  required  for  a  lift  of  over  20  feet 
on  this  class  of  work,  which  is  only  sl^tly  beyond  the  economical 
lift,  and  the  height  should  never  exceed  30  feet,  which  would  require 
for  the  15-inch  pump  an  engine  of  75  horse-power. 

The  pump  may  be  located  on  the  coffer-dam,  but  m  case  of  high 
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water  during  the  progress  of  the  work  the  outfit  may  be  damaged 
and  it  is  best  to  place  the  pump  on  a  boat,  as  in  Fig.  g8.  with  a  section 
of  horizontal  suction-pipe 
across  to  the  work,  which 
should    be  '  as    short    as 


The  ordinary  type  of 
pump  (Fig,  208)  may  be 
fitted  with  a  primer,  con- 
sisting of  a  small  hand 
force-pump  attached  to 
one  side  of  the  pump,  for 
filling  the-  pimip  and  suc- 
tion-pipe. A  more  simple  Fic 
way  is  to  provide  a  barrel 

above  the  pump,  which  can  be  kept  full  by  using  a  small  steam-jet, 
and,  by  means  of  a  pipe  with  valve  from  the  bottom  of  the  barrel 
to  the  top  of  pump,  the  contents  can  be  emptied  into  the  pump- to 


[o. — Centsifucai.  Pump,  Double  Suction, 


— Dredginc-pump. 


prime  it.  Priming  may  also  be  easily  accomplished  by  inserting  a 
hose  into  the  discharge-pipe  and  filling  the  pump  directly  with  a 
steam-jeL 
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Double  suction-pumps  {Fig.  aio)  allow  the  water  to  enter  on 
each  side  of  the  piston,  and  thus  a  perfect  balance  is  secured,  which 
does  away  with  all  end-thrust  on  the  bearings.  This  pump  is  most 
easily  primed  by  using  an  ejector,  or  a  flap-valve  such  as  is  shown 
on  the  discharge-pipe  of  the  dredging-pump  {Fig,  211)  and  which 
serves  to  retain  the  water  in  the  pump.  Where  a  long  discharge- 
pipe  is  to  be  used,  a  quick-closing  gate-valve  may  be  introduced 
into  the  pipe  near  the  pump. 

Where  the  material  to  be  dredged  out  at  the  foundation  site  is 
mud  or  sand  or  partly  gravel,  it  can  be  removed  during  the  process 
of  pumping  by  using  a  dredging- 
pump.  In  case  there  were  700  yards 
of  material  to  be  removed  and  an 
8-inch  pump  was  provided,  it  would 
not  be  advisable  to  count  on  more 
than  10  per  cent  of  solid  matter  being 
discharged  by  the  pump,  as  the  suc- 
tion could  not  be  kept  working  close 
up  to  the  sand  or  mud.  By  using  a 
30-horse-power  engine,  a  discharge  of 
2000  gallons  per  minute  would  be 
reached,  or  with  10  per  cent,  of  loose 
solid  matter  the  excavation  would  be 
made  in  less  than  two  working  days. 

The  piston  of  a  dredging-pump 
(Fig.  212)  is  provided  with  large  open- 
ings to  receive  the  material,  and  the 
one  illustrated  is  provided  with  side 
plates  so  that  all  wear  is  taken  off  the 
F.C.  ..2.-U1ED01NC.PU1IP-         pump-casing. 

Piston.  The    vertical    centrifugal     pump, 

Figs.  213  and  214,  is  one  which  can 
be  used  to  advantage  in  a  great  deal  of  coffer-dam  work  where 
it  is  necessary  for  the  pump  to  be  submerged  part  or  all  of  the  time. 
The  pump  can  be  mounted  on  a  timber  frame  to  be  raised  and  lowered 
with  a  derrick.  Such  a  pump  requires  no  priming,  and  is  always 
ready  to  nm  as  soon  as  the  engine  is  started.  The  engine  or  motor 
should  be  some  type  to  be  directly  connected  or  geared  on  to  the 
shaft,  or  else  a  belt  from  a  separate  engine  could  be  used.  It  will 
very  often  clear  a  coffer-dam  of  water  where  an  ordinary  pump 
having  long  and  possibly  leaky  suction  will  not  work  at  all.  The 
sizes  and  capacities  of  centrifugal  pumps  are  given  in  Tables  XXVII, 
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XXVin,  and  XXIX,  and  the  number  of  revolutions  to  run  them 
to  raise  water  to  different  heights  is  given  in  Table  XXX. 

The  ejector  as  used  on  a  centrifugal  pump  is  best  for  priming; 
and  with  a  foot  valve  on  the  suction,  nothing  is  required  except 
to  turn  on  the  steam  to  the  ejector,  and  operate  it  imtil  the  pump 
and  pipes  are  filled  with  water,  after  which  when  started,  the  pump 
will  pick  up  its  prime  without  any  trouble. 

One  of  the  most  remarkable  pieces  of  work  done  with  this  class 
of  pumps  was  the  use  of  Edwards'  cataract  pumps  in  dredging  the 


ship  channel  in  New  York  Harbor.  This  is  described  in  the  Trans. 
Am.  Soc.  C.E.,  Vol.  25.  The  work  was  done  by  three  dredges, 
which  were  much  the  same  as  small  sea-going  vessels,  the  largest 
being  the  Reliance,  157  feet  long,  and  carrjing  650  cubic  yards  of 
dredged  material.  Two  separate  pumps  were  provided,  each  with 
18-inch  suction-pipes  reaching  from  the  sides  of  the  vessel  and  par- 
allel to  it  down  to  the  bottom  to  be  dredged,  being  supported  by 
suitable  hoisting- tarklc.  These  boats  were  kept  under  headway 
toward  the  dumping-ground  while  the  dredging  was  in  process. 
The  average  load  during  about  a  month's  woiking  of  the  Reliance 
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was  585  cubic  yards  and  the  average  time  of  loading  about  forty- 
eight  minutes,  while  the  average  number  of  loads  per  day  was  6.73. 
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These  dredges  removed  the  enormous  quantity  of  4,299,858 
cubic  yards  of  material  at  an  average  price  of  24.48  cents  per  yard, 
the  lowest  price  being  about  17  cents,  the  average  price  paid  for 
other  forms  of  dredging  being  40.53  cents.  On  foundation  work 
the  amounts  to  be  removed  would  be  small  and  the  cost  for  this 
reason  much  higher,  yet  owing  to  the  smaller  cost  of  the  plant  that 


Fig.  116.— Rickakds  Orange  Peel  Bccket. 

would  be  required  the  cost  need  not  be  greatly  in  excess  of  the  above. 
It  is  usual,  however,  as  the  amount  to  be  dredged  will  cost  such  a 
small  proportion  of  the  total  cost  of  the  substructure,  to  figure  from 
$1  to  $2  per  yard  for  excavation  in  ordinary  coffer-dams. 

Reference  has  already  been  made   to  hand  dredging,  and  a 
very  cheap  and  effective  scraper  was  illustrated  in  Fig.  n.    Where 
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dredging  is  to  be  done  in  tubes,  wells,  or  puddle-chambers,  it  can 
be  done  by  a  clam-shell  dredge  or  grapple  such  as  was  shown  in 
Fig.  57,  in  use  on  the  Hawkesbury  foundations. 

The  Lancaster  bucket  (Fig,  215)  is  a  well-known  form  of  this 
type  of  machine,  and  can  be  operated  from  an  ordinary  derrick 
which  is  served  by  a  double-drum  hoisting-engine.    This  dredge 


Fig.  11611.— RicKAKDS  Orange  Peel  Bucket. 

will  work  best,  of  course,  where  there  is  some  depth  of  soft  material 
to  be  removed.  While  a  large  dredge  would  generally  be  hired 
by  a  contractor,  these  buckets  can  be  owned  by  him  and  the  work 
carried  on  cheaply  and  conveniently. 

The  Rickards  cast-steel  orange-peel  buckets  are  of  a  type  that 
is  first-class  for  use  where  there  is  more  or  less  loose  rock  to  pick 
up,  and  where  extra  strength  is  required  in  the  blades  and  arms. 
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This  bucket  is  shown  in  Fig.  216,  and  the  sizes,  weights,  and  prices 
are  given  in  Table  XXXI.    Where  the  material  is  of  a  unifoim 


—Williams  Hebcttles  FonH-PART  Clam  Shell  Bucket. 


nature,  running  from  mud  and  sand  to  stiff  clay  or  grave!,  some  ol 
the  clam-shell  buckets  that  have  extra  interior  tackle  or  levers  for 


■Clam  Shkll  Bucket  Tooth. 


giving  a  powerful  closing  force,  to  close  the  bucket  before  it  starts 
to  lift  off  from  the  bottom,  are  best  used.     Some  of  these  buckets 


.yGoot^lc 


PUMPING  AND  DREDGING 


305 


will  do  excellent  work  in  very  bard  clay  and  packed  gravel,  but  will 
not  work  very  satisfactorily  in  hardpan  and  cemented  gravel,  except 
for  the  larger  sizes  which  have  weight  enough  to  make  them  take  hold. 
The  Owen  bucket,  Table  XXXII,  is  one  of  this  type,  having  a 
'seven-part  tackle  between  the  top  and  center  shaft,  as  shown  in 
Fig.  217,  to  close  the  bucket.  Should  it  be  desired  to  use  this  in 
extra  hard  material,  it  should  be  built  of  special  extra  heavy  design 
with  extra  large  pins  and  bearings,  and  extra  lai^e  riveted  con- 
nections everywhere. 

TABLE  XXXI.— RICKARDS  CAST-STEEL  ORANGE-PEEL  BUCKETS 
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The  Williams  buckets  (Fig.  218),  especially  of  the  Hercules  type, 
are  also  very  satisfactory,  but  the  same  criticism  should  be  applied 
to  them  in  regard  to  being  built  extra  heavy  for  hard  digging. 

The  teeth  that  come  on  any  of  these  buckets  from  the  factory 
are  practically  of  no  use  at  all,  and  should  be  replaced  in  the  first 
instance  with  heavier  and  better  designed  steel  teeth.  The  design 
shown  in  Fig.  219  is  one  which  has  given  excellent  service.  The  use 
of  these  buckets  will  be  further  described  in  Chapter  XVI,  under  the 
discussion  of  clam-sheU  dredging. 


Fig.  aao. — Elevator  Sand-diggeb. 

Sand-diggers  such  as  were  mentioned  in  Chapter  II  can  often 
be  hired  where  other  means  are  not  at  hand,  or  they  can  be  rigged 
up  very  cheaply  if  necessary.  A  smaller  one  than  Fig.  220  can 
be  built  on  a  common  barge,  the  engine  being  an  ordinary  one 
with  a  vertical  boiler,  while  the  buckets  are  mounted  in  a  very 
simple  manner  and  operated  through  a  well  in  the  center  of  the 
boat.  Such  a  dredge  will  dig  about  100  yards  of  sand  per  day, 
with  only  two  men  to  attend  it,  and  will  use  less  than  one-half  ton 
of  cheap  coal,  the  total  cost  per  yard  thus  running  below  five  cents. 
Large  elevator  dredges  of  this  type  are  very  elaborate  affairs,  and  as 
they  are  in  wide  use  they  can  often  be  hired  for  making  excavations. 
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CHAPTER  XVI 
CLAM-SHELL  DREDGES,  DRILL  SCOWS  AND  ROCK  BREAKERS 

The  use  of  clam-shell  buckets  such  as  have  been  described  in 
the  preceding  chapters  has  been  developed  almost  entirely  as  a 
matter  of  practical  experience.  The  ordinary  orange-peel  or  clam- 
shell closes  directly  and  quickly,  and  opens  to  discharge  its  load 
in  the  same  manner,  so  that  they  can  be  operated  and  the  boom 
swung  as  well  by  the  hoisting  and  closing  lines,  which  are  splayed 
out  near  the  foot  of  the  boom,  or  on  a  frame  just  back  of  that  point. 

Most  small  orange-pee!  or  clam-shell  rigs  are  fitted  with  a  swinging 
engine  and  bull-wheel  to  swing  the  boom,  and  the  hoisting  and  dos- 
ing lines  run  directly  up  from  the  bottom  of  the  boom  or  mast,  as 
on  an  ordinary  derrick.  On  account  of  the  slow  closing  and  open- 
ing of  tfie  Owen  and  Williams  buckets,  and  others  of  that  type, 
it  is  necessary  that  separate  swinging  machinery  be  provided. 

Orange-peel  or  clam-shell  buckets  can  be  operated  from  ordi- 
nary derrick  scows  by  the  usual  double-drum  engine,  but  if  it  is 
desired  to  have  a  live  boom,  a  3-drum  engine  must  be  used  to  han- 
dle the  two  Unes  to  the  bucket  and  the  other  line  to  the  topping 
falls,  or  else,  if  a  double-drum  engine  is  used,  an  idle  drum,  Fig. 
22t,  must  be  employed  to  take  up  the  closing  line  from  the  boom. 
This  idle  drum  is  operated  by  a  separate  wire  rope,  running  to  a 
counterweight  from  the  short  barrel  at  one  end  of  the  drum.  These 
rigs  can  be  operated  by  any  good  hoisting  engine  of  sufficient  size, 
using  good  judgment  about  the  speed  of  operation,  and  about  keep- 
ing the  cut  properly  cleaned  up  in  front  of  the  machine. 

The  clam-shell  dredge  shown  in  Fig.  222,  designed  and  built 
by  the  author,  is  very  similar  to  the  design  shown  in  the  detail  draw- 
ing in  Fig.  223,  with  the  exception  that  the  latter  has  a  hull  40 
feet  in  width,  instead  of  30  feet,  as  in  the  photograph.  This  addi- 
tional width  is  necessary  to  prevent  the  machine  from  listing  badly 
when  the  bucket  is  fully  loaded  and  swung  around  to  the  side.  The 
machine  shown  in  detail  is  deseed  to  carry  a  2j-yard  bucket, 
wraghing  with  the  load  about  10  tons,  which  must  be  hoisted  on  a 
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single  line,  and  will  require  a  double  10X15  double-drum  main  engine 
for  proper  operation.  The  slewing  or  swinging  engine  should  be 
a  double  5X8,  the  front  spud  engine  a  double-drum  double  7X10, 
and  the  rear  spud  engine  a  single-drum  double  7  X 10.  The  dredge 
should  have  a  direct-connected  electric-light  plant  large  enough  to 
operate  one  hundred  i6-c.p.  laipps,  including  lamps  in  a  7-clus- 
ter  3SO-c.p.  light  on  the  boom,  or,  where  necessary,  this  can  be 
supplemented  by  a  i5oo-c.p.  Milbum  light  near  the  foot  of  the 
boom. 


Fig.  311.— Idlx  OB  Bucket  HoLorNC  Dkuu. 

The  boiler  for  this  machine  should  be  of  locomotive  or  internal  fired 
type  (Fig.  76),  or  possibly  a  Scotch  marine  boiler  as  described  in  Chap- 
ter XIX,  of  about  200  horse-power.  The  machinery  should  be  ar- 
ranged to  operate  by  hand  levers  entirely  from  the  pilot  house.  The 
hull  of  the  machine  is  40X90X8  feet  deep,  and  has  8-inch  side  strakes; 
2  solid  6-inch  longitudinal  bulkheads,  6X12  keelsons  and  deck  beams, 
while  the  planking  is  4X12  on  the  bottom  and  3X9  decking.  The 
bottom  and  sides  are  calked  with  4  threads  of  oakum  well  hawsed 
in,  and  the  seams  filled  with  cement  up  to  the  water-line.  The 
deck  is  calked  with  3  threads  of  oakum,  and  the  seams  on  the  deck 
and  on  the  sides  above  the  water-line  thoroughly  pitched.  The 
bottom  and  sides  up  to  the  water-line  are  painted  with  two  coats 
of  copper  paint,  and  are  then  covered  with  tarred  ship's  felt  and 
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i-inch  sheeting,  after  which  two  more  coats  of  copper  paint  are  applied. 
The  hull  is  braced  transversely  as  shown,  and  is  thoroughly  bolted 
together  with  cUnch-bolts,  and  in  addition  to  clinch-bolts,  the  side 
planking  is  edge-boited  with  |  X  20  drift-bolts  every  4  feet,  staggered. 
The  spud  casing  and  chocks  are  through-bolted  with  screw-bolts, 
and  the  spud  masts  fastened  on  in  the  same  way.  The  forward 
spuds,  24X24X60  feet  long,  and  the  rear  spud,  20X20X65  feet  long, 
have  cast  and  wrought  points,  respectively,  as  shown,  and  are 
strapped  lengthwise  with  4Xi  straps  to  strengthen  them,  set  into 
each  side  and  drift-bolted  to  the  spuds.    The  fittings  of  the  mast, 


Fig.  123.— Clam.shell  Dkedge. 

boom  and  sheer  legs  are  all  of  cast  steel,  and  designed  with  a  high 
factor  of  safety,  so  as  to  cause  no  trouble  from  breakdowns.  The 
20-inch  sheaves  at  the  foot  of  the  mast  and  point  of  the  boom  have 
5-inch  pins  and  4-inch  hubs,  so  as  to  avoid  undue  wear.  Such 
a  dredge  as  this  will  in  soft  material  dig  a  bucket  full  every  fifty 
seconds,  and  should  average  sixteen  hours  running  time  out  of  twenty- 
four. 

The  crew  for  double  shift  condsts  of  a  captain,  2  levermen,  2 
engineers,  2  deckhands,  2  scow  men,  i  blacksmith,  i  helper,  and  will 
use  from  2  to  3  tons  of  coal  per  day.     Such  a  dredge  should  have 
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two  250-yard  dump  scows,  and  at  least  a  50  horse-power  gasoline 
tug  to  tow  the  scows  and  carry  supplies.  The  bucket  used  should 
be  of  heavy  construction,  and  would  weigh  for  the  2j-yard  size 
between  4  and  5  tons.  The  weight  of  various  sizes  of  these  buckets 
is  given  in  Table  XXXII.  The  dredge  with  dump  scow  is  shown 
in  Fig.  224,  the  dump  scow  being  designed  with  center  wooden 
rollers  to  wind  up  the  closing  chains.  These  rollers  should  be  of 
hard  wood,  as  Douglas  fir  or  Southern  pine  will  not  stand  the  strain 


Fic.  234.— Clam-shell  Dredge  with  Dump  Scows. 

of  continuous  heavy  loads.  The  usual  macbiiKTy  for  closing  dump 
scows  consists  of  a  steel  shaft  on  one  side,  on  which  to  wind  the 
chains.  Temporary  pockets  may  be  built  on  a  flat  scow  as  shown 
in  rig.  222.  The  cost  of  such  a  dredge  is  about  $35,000,  and  the 
scows  about  S4500  each.  Machines  of  light  construction  for  tem- 
porary use  can  be  constructed  for  about  $12,000. 

The  type  of  dredge  bucket  in  use  in  California,  and  known  as  the 
"  Stockton  "  bucket,  is  shown  in  t-'ig.  225.  This  bucket  is  closed  by 
heavy  curved  arms,  and  the  bowls  of  the  bucket  are  made  of  cast 
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steel.     The  closing  line  is  attached  io  the  anns,  while  the  opening 
line  is  attached  to  the  bowl  by  lugs  and  shackles  as  shown.    The 


Fig.  325. — "Stockton"  Clam-shell  Bucket. 


■"Stockton"  Clam-shell  Boom. 


trussing  of  the  boom,  and  the  bucket  dosed  are  shown  in  Fig.  226, 
while  one  of  these  dredges  with  a  iso-foot  boom  is  shown  in  Fig. 
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227,  which  also  shows  plainly  the  frame  on  the  sheer  legs,  which 
carries  the  sheaves  to  swing  the  boom  with  the  bucket  lines.  The 
spud  frame  can  also  be  seen,  for  picking  up  the  spuds  through  spud 
wells  inside  the  hull. 


The  hulls  of  these  machines  are  made  with  a  beam  of  from  50 
to  60  feet,  and  a  length  of  from  100  to  130  feet,  with  the  depth  usually 
about  10  feet.  The  buckets,  ordinarily,  are  of  a  size  that  handle 
from  35  to  5  yards  for  each  bucketful,  but  many  of  the  larger  dredges 
of  this  type  have  buckets  ranging  in  size  from  6  to  15  yards  capacity. 
Such  a  dredge  should  show  in  actual  operation  about  sixteen  hours' 
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running  time  of  twenty-four,  and  many  of  the  California  levee  contracts 
are  taken  in  the  neighborhood  of  5  cents  per  cubic  yard,  which  will 
cover  a  fair  profit  to  the  contractor,  where  the  digging  is  easy  and 
the  yardage  large.  These  machines  are  sometimes  used  for  load- 
ing material  into  dump  scows,  but  are  not  nearly  so  satisfactory 
for  this  purpose  as  machines  which  are  swung  with  a  bull-wheel. 

The  engineer  using  a  clam-shell  dredge  on  foundation  work  must 
bear  in  mind  that  under  such  conditions  no  large  yardage  can  be 
handled  per  day,  as  can  be  done  by  a  dredge  on  regular  dredging 
work.  In  dredging  over  a  considerable  area,  before  bridge  caissons 
are  located,  the  dredging  may  be  done  as  low  as  40  cents  or  50  cents 
per  cubic  yard,  where  the  material  can  be  easily  dug,  but  if  work 
is  to  be  done  inside  the  caisson  for  sinking  it,  it  will  seldom  run 
less  than  75  cents  per  cubic  yard,  and  on  small  work  the  excava- 
tion should  be  figured  at  approximately  $2  per  cubic  yard  for  medium 
hard  digging.  The  comparative  amounts  that  can  be  dug  in  dif- 
ferent kinds  of  material  are  shown  in  Table  XXXIV. 

Where  the  bottom  is  soft  or  shelly  rock  that  has  to  be  removed 
before  placing  the  foundation  for  a  pier,  a  dam,  or  other  engineer- 
ing work,  it  very  often  becomes  necessary  to  drill  and  shoot  it 
before  trymg  to  dredge  it  out  with  either  a  dipper  or  clam-shell  rig. 
Some  work  of  this  character,  where  the  material  was  afterward 
dredged  out  by  a  dipper  dredge,  was  done  under  J.  E.  Hall,  Assistant 
United  States  Engineer,  at  Tuscumbia  Bar,  Tennessee  River.  The 
description  given  in  Professional  Memoirs  is  quoted  in  full,  as  the 
equipment  was  of  a  tj-pe  that  can  be  easily  and  cheaply  rigged  up 
for  any  work  of  this  character,  at  small  expense,  and  by  using 
ordinary  rock  drills,  boilers  and  other  equipment  easily  procured. 

"This  obstruction  to  navigation  is  211  miles  below  Chattanooga  and  353 
miles  above  the  confluence  of  the  Tennessee  River  with  the  Ohio,  at  Paducah. 
It  begins  at  a  point  about  3  miles  below  the  Florence  bridge,  abreast  of  the  Shef- 
field power  plant  and  extends  approximately  2  miles  down  the  river. 

"  This  shoal  is  composed  of  a  scries  of  blue  flint  limestone  ledges,  which  are 
overlaid  with  a  thin  coating  of  gravel.  The  ledges  are  about  level  transversely, 
but  have  a  considerable  down  stream  dip. 

"  The  project  for  improving  this  place  contemplates  excavating  a  channel 
near  the  south  shore,  150  feet  wide  and  s  feet  deep  at  extreme  low  water,  from 
deep  water  above  to  deep  water  below  the  bar.  The  material  to  be  moved  being 
very  hard  flint  rock,  it  was  necessary  lo  drill  and  blast  it  before  it  could  be  dredged. 

"  It  was  originally  intended  to  contract  this  work  provided  a  favorable  offer 
was  received,  and  it  was  not  until  after  the  proposals  were  opened  about  June 
I,  iQii,  that  the  decision  was  made  to  do  the  work  with  hired  labor. 

"  The  work  here  being  the  first  rock  excavation  where  drilling  and  blasting 
was  necessary,  on  this  section  of  the  river,  we  were  at  an  eq>erimeDtal  stage  in 
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regard  to  plant  and  methods.    A  small  amount  of  drilling  had  been  done  on  the 

upper  division  (above  Chattanooga)  where  rafts  were  used  for  carrying  the  drills, 
and  a  derrick  boat  was  used  with  each  raft  for  a  tender,  the  derrick  being  neces- 
sary in  moving  since  there  was  not  enough  buoyancy  in  the  solid  timbers  of  the 
rafts  to  float  the  drills  when  the  spuds  were  raised.  Extensive  drilling  opera- 
tions being  necessary  here  in  rock  where  the  depth  of  water  varied  between  a 
few  inches  and  5  feet  at  low  water,  it  was  thought  advisable  to  design  floats 
with  sufficient  buoyancy  to  cany  the  drills,  men  and  material  necessary 
to  operate  them,  and  to  also  keep  them  as  light  as  possible  in  draft,  as  it  was 
necessary  to  pass  them  over  some  very  shallow  water. 

"  When  it  was  definitely  decided  that  this  work  would  be  done  by  the  United 
States,  requisitions  were  promptly  submitted  for  drills,  material,  lumber,  etc.. 


Fic.  aaS.— Deiu,  Plant,  Tennessee  Riveb,  also  Channel  afteh  Blasting. 


necessary  for  building  the  floats.  The  first  shipment  of  ten  drills  was  received 
August  15,  and  a  second  lot  September  20.  These  were  put  in  commission 
as  quickly  as  practicable  after  being  received,  and  on  September  21  three  drill 
units  were  in  operation,  each  mounting  six  drills. 

"The  floats  used  for  the  first  season's  drilling  (1911)  were  composed  of 
of  nine  small  boats,  the  dimensions  of  each  being:  depth  i  foot;  width,  5  feet, 
and  length,  aj  feet.  These  were  arranged  in  three  rows  with  three  boats  in 
each  row  and  a  space  of  2  feet  was  left  between  the  lines  of  boats  through  which 
to  operate  the  drills.  During  the  first  season  tbey  were  turned  longitudinally 
across  the  current  and  the  float  held  in  place  with  spuds  which  were  6  inches 
square.  The  dimensions  of  the  floats  when  the  boats  were  so  arranged  were 
ig  by  75  feet.  At  each  placing  of  the  drill  unit  two  lines  of  holes  were  drilled 
extending  one-half  the  way  across  the  channel  and  twelve  holes  put  down  in 
each  line.    These  lines  being  7  feet  apart  made  the  average  spacing  of  the  holes 
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6i  feet  by  7  feet,  and  the  holes  were  put  down  to  a  depth  of  7  feet  below  low 
water. 

"The  drilling  was  carried  on  on  this  basis  until  December  15,  igii,  when 
it  was  terminated  by  high  water  and  bad  weather.  During  this  season's  work 
about  2,500  linear  feet  of  channel,  beginning  at  the  upper  end  of  the  work,  was 
drilled  and  blasted.  This  was  over  the  lightest  part  of  the  drilling,  as  it  began 
at  grade  point  and  the  depth  decreased  very  gradually,  so  that  the  depth  of  the 
holes  varied  from  1  to  6  feet  in  the  rock. 

"  Subsequent  dredging  has  proven  that  this  spacing  of  the  holes  was  too  wide 
for  this  class  of  material  and  not  deep  enough  for  properly  loosening  it  up.  Where 
the  detonation  was  perfect  the  rock  was  usually  broken  up,  but  often  in  such  large 
pieces  that  they  were  very  difficult  to  handle,  and  it  was  sometimes  necessary 
to  break  them  again  with  mud-capped  shots  before  they  could  be  handled,  but 
when  any  of  the  holes  failed  to  fire  an  unbroken  area  was  left  which  was  neces- 
sary to  redrill.  The  best  results  both  in  drilling  and  blasting  were  gotten  at  a 
low  stage  of  the  river,  the  effect  of  a  rise  being  noticeable  when  a  2-foot  stage 
was  reached.  The  increased  current  due  to  the  rise  made  it  hard  to  hold  the  floats 
in  place  and  the  difficulty  of  detonation  was  also  increased,  as  the  current  and 
drift  would  often  break  the  connections. 

"  The  following  table  shows  this  season's  work,  giving  the  unit  cost  of  drill- 
ing  for  each  month,  also  the  stage  of  the  river,  depth  of  water  over  the  rock 
drilled  and  the  depth  of  the  drilling  in  the  rock. 
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"  The  small  progress  made  in  drilling  during  the  month  of  August  was  due 
to  the  late  start  and  limited  number  of  drills,  which  also  affected  the  work  in 
September.  The  October  work  was  also  retarded  by  a  rise  which  caused  a  week's 
suspension.  There  was  only  a  few  days  in  December  when  the  river  was  low 
enough  for  good  results,  but  the  force  engaged  in  drilling  was  held  together  until 
the  15th,  on  which  date  they  were  disbanded  owing  to  high  water  and  bad  weather. 

"  During  the  winter  and  spring  dredging  was  carried  on  over  the  drilled 
area,  afiotding  an  excellent  opportunity  to  study  the  spacing  of  the  drilling  and 
the  depth.  A  great  many  small  areas  of  unbroken  material  were  found  which 
were  probably  due  to  the  failure  of  charges  to  fire,  but  in  some  instances  where 
the  detonation  seemed  complete  points  were  left  between  the  holes  which  the 
dredges  could  not  reduce  to  grade.  These  unbroken  areas  and  high  points 
showed  conclusively  that  the  spacing  of  the  drilling  was  too  wide  and  holes  too 
shallow. 
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"  Ettensive  repairs  being  necessary  to  the  floats  before  entering  on  another 
season's  work,  it  was  decided  to  rearrange  the  boats  composing  ihem,  turning 
them  lengthwise  with  the  current  and  leave  the  opening  between  the  boats  i 
foot  wide.  The  floats  used  in  the  season  of  1912  were  composed  of  thirteen 
boats,  dimensions  1  by  5  by  35  feet  long,  put  together  in  this  way  making  the 
spacing  of  the  lines  6  feet  apart  instead  of  7  as  used  the  previous  year.  The 
dimensions  of  this  float  were  25  by  77  feet.  (See  accompanying  illustrations, 
which  give  a  good  idea  of  their  construction  and  also  show  the  appearance  of  a 
section  of  channel  after  being  blasted.) 

"  At  each  placing  of  the  drill  unit  or  fioat,  twelve  lines  of  holes  were  drilled, 
each  line  having  six  holes.  As  the  length  of  the  boat  was  25  feet,  the  spacing 
of  the  holes  was  made  4  by  6  feet  and  the  holes  put  down  lo  a  depth  of  g  feet 
below  low  water.  In  addition  to  the  advantage  of  narrowing  up  the  spacing, 
boats  being  placed  lengthways  with  the  current  was  an  advantage,  in  that  they 
were  less  affected  by  the  action  of  the  current  and  drilling  could  be  carried  on 
at  a  higher  stage  of  water. 

"  Excessive  rainfall  during  the  spring  prevented  our  resuming  the  drilling 
until  June  15,  and  very  materially  interfered  with  the  progress  during  July. 
After  July,  the  work  was  continued  without  interruption  until  the  latter  part 
of  December,  when  it  was  terminated  for  the  season  by  high  water. 

"The  following  table  shows  the  season's  work  during  the  season  of  igii, 
giving  unit  cost  for  each  month,  stage  of  river,  depth  of  water  over  rock,  and 
depth  of  holes  drilled: 
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"  In  comparing  this  season's  work  with  that  of  iqii,  it  will  be  noted  that 
the  unit  cost  of  the  drilling  is  2  3-10  cents  in  excess  of  the  igii  cost.  This 
may  be  due  to  considerable  advantage  in  weather  and  river  conditions  in  igii, 
and  also  to  the  fact  thai  the  drills  were  all  new  in  igir  while  in  igu,  espe- 
cially near  the  close  of  the  season's  work,  a  number  of  them  were  badly  worn  and 
would  not  deliver  a  norma!  stroke.  After  September  the  cost  is  also  augmented 
by  the  shortening  of  I'lc  days,  making  il  necessary  to  work  a  longer  number  of 
hours  at  night.  While  the  plants  are  very  well  lighted,  quite  a  falling  off  is 
noted  in  their  progress  when  comparing  the  result  of  an  hour's  work  at  night 
with  an  hour's  work  in  the  day.  Early  in  October  a  number  of  the  best  drill 
men  left  the  work  to  go  back  to  their  old  places  at  the  furnace,  and  it  was  nec- 
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ELEVATION  OF  DRILL  TENDER   * 
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PUN  OF  DRILL  TENDER  AND  DRILL 
IN  DRILLING   POSITION 

PUN  OF  ONE  DRILL  BOAT 
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Fig.    219.— Drill  Tknkkk  am)  DRiLLiKii  Scow,  Tknnkssee  River. 
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essaiy  to  fill  their  places  with  new  men.  The  November  work  was  affected 
by  two  holidays,  Novcntber  id  and  Thanksgiving,  and  December  by  high  water, 
which  finally  terminated  the  work  for  the  season. 

"The  following  method  was  universally  followed  during  both  seasons'  work; 
The  drill  floats  were  placed  in  prap>er  position  for  work  by  accurately  lining  them 
with  ranges,  marking  the  center  of  each  half  of  the  channel,  and  by  cross  ranges 
which  marked  the  lower  extremity  of  the  drilling  and  blasting  already  done, 
A  float  thus  lined  is  in  position  for  drilling  one-half  the  width  of  the  channel 
for  a  distance  of  15  feet,  or  length  of  the  boats.  At  each  setting,  twelve  lines 
of  boles  were  drilled  with  six  holes  in  each  line.  Each  float  carried  eight  driUs, 
all  of  which  are  operated  by  steam. 

"  To  prevent  the  holes  from  filling  with  gravel  and  silt,  etc.,  the  drilling  was 
done  through  tubing  or  pipe,  3  to  4  inches  in  diameter,  Frorn  three  to  five  drill 
bits  were  used  in  putting  down  each  bole,  the  first  bit  being  2J  inches  in  diameter 
and  the  last  1}  inches..  When  the  hole  was  down  to  a  proper  depth,  a  pipe  that 
would  exactly  fit  the  top  section  of  the  hole  was  put  in  and  the  bit  taken  out 
and  the  hole  loaded,  the  charge  consisting  of  80  per  cent  gelatin  dynamite, 
and  varying  from  6  to  10  sticks  according  to  the  depth  in  the  rock.  The  stick 
having  the  primer  was  placed  about  one-third  of  the  way  down  from  the  top, 
having  from  2  to  3  sticks  on  top  of  it  and  4  to  6  under  it.  The  charge  was  firmly 
packed  down  in  the  bottom  of  the  hole  with  wooden  poles  which  fit  very  closely 
the  section  of  the  hole.  When  the  loading  was  completed  the  hole  was  marked 
by  a  cane,  which  was  firmly  embedded  in  the  charge,  leaving  the  top  of  the  cane 
about  6  inches  above  the  surface  of  the  water  and  the  primer  wire  looped  around 
the  top  of  the  cane.  When  aJI  the  holes  were  loaded  the  primers  were  all  care- 
fully connected  so  as  to  make  3  circuits,  24  holes  to  each  circuit,  leaving  the  end 
wires  of  the  first  and  fourth  line  looped  around  the  top  of  the  cane  so  that  they 
might  be  readily  found  and  connected  with  the  lead.  The  float  was  then  dropped 
down  from  over  the  holes  and  a  set  of  lead  wires  attached  to  each  circuit.  When 
these  were  connected  (insulated  tape  being  used  for  making  all  these  connections) 
the  float  and  tender  were  dropped  back  about  250  feet  below  and  the  charges 
ignited  by  using  three  large  batteries  simultaneously. 

"  While  each  of  the  batteries  would  fire  all  these  charges  on  shore,  24  holes 
was  about  their  limit  under  water.  This  method  was  usually  successful  in  get- 
ting off  all  charges  together  when  the  river  was  at  a  stage  below  3  feet,  but  above 
this  stage  the  connections  were  often  interfered  with  by  the  force  of  the  current 
and  running  drift,  etc.,  necessitating  several  rcconnections  with  the  lead  wire 
in  order  to  get  off  the  charges,  and  it  was  frequently  the  case  that  the  wires  were 
broken  or  withdrawn  from  the  caps,  making  it  impracticable  to  fire  the  charges. 
"  During  the  first  season  the  drilb  were  all  sharpened  by  hand,  but  in  igia 
a  Leyner  drill  sharpener  was  installed  which  was  operated  with  compressed  air. 
This  machine  proved  perfectly  satisfactory,  as  it  gave  the  bits  more  unifonn 
gage,  so  that  there  was  no  difficulty  of  one  drill  following  another,  and  the  bit 
sharpened  by  this  machine  seemed  to  stand  the  hard  service  better  than  those 
sharpened  by  hand.  A  considerable  saving  was  also  effected,  as  one  blacksmith 
and  helper  were  able  to  sharpen  steel  for  34  drills,  while  three  blacksmiths  and 
helpers  were  necessary  to  do  this  work  by  hand. 

"  The  seeming  excessive  cost  of  drilling  here  is  due  to  the  character  of  the 
rock,  which  is  the  very  hardest  of  flint.  It  was  found  a  very  difficult  matter  to 
get  steel  that  would  stand  this  rock,  and  it  was  often  necessary  to  change  the 
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bits  several  times  in  getting  down  one  sweep  of  the  drill,  which  is  only  34  inches. 
The  slightest  mistake  in  tem[)ering  would  cause  the  hits  to  fail  at  once.  In  this 
connection  it  is  interesting  to  note  the  difference  between  the  rock  at  this  place 
and  the  rock  at  Buck  Island  Shoab,  3  miles  below  this  place,  where  rock  exca- 
vation was  caired  on  at  the  same  lime.  The  rock  at  Buck  Island  shoals  is  soft 
oolitic  limestone  which  can  be  drilled  easily  and  rapidly,  and  the  drill  bits  keep 
sharp  indefinitely.  In  addition  to  the  ease  with  which  it  can  be  drilled,  it  is  also 
veiy  easy  to  break  up.  While  it  was  found  necessary  to  space  the  holes  at  Tus- 
cumbia  Bar  4  feet  by  6  feet,  a  spacing  of  7  feet  by  8  feet  at  Buck  Island  was 
found  ample,  this  spacing  breaking  the  rock  up  better  and  leaving  fewer  large 
pieces  than  at  Tuscumbia  Bar.  The  same  plant  and  methods  were  used  at  both 
places.  The  cost  per  linear  foot  at  Buck  Island  Shoals  was  found  to  be  $0.35 
against  S0.483  at  Tuscumbia  Bar. 

"  During  the  drilling  season  of  1912,  85,708  linear  feet  of  holes  were  drilled 
and  blasted.  It  is  estimated  that  each  linear  foot  of  drilling  loosened  up  .88 
of  a  cubic  yard  and  that  76,185  cubic  yards  were  made  ready  for  removal  by  the 
dredges  at  a  cost  of  $0,543  P^r  cubic  yard  for  the  drilling  and  blasting,  and  i 
of  a  pound  of  dynamite  was  used  for  each  cubic  yard  blasted. 

"  When  the  river  was  at  a  favorable  stage  for  drilling  it  was  found  that  an 
entire  day  with  a  double  crew  was  required  to  drill  out,  load  and  detonate  all 
the  charges  for  one  setting  of  the  drill  unit.  Whenever  unfavorable  conditions 
occurred  from  weather  or  high  water  the  progress  was  considerably  lessened. 

"The  season's  work  for  1912  covered  the  heaviest  part  of  the  blasting,  as 
it  begun  at  the  upper  end  of  the  extremely  shallow  water  and  extended  entirely 
below  it.  While  the  number  of  linear  feet  of  holes  drilled  in  1912  was  about 
three  times  the  amount  drilled  in  igii,  it  only  covered  about  the  same  channel 
area,  viz.,  2500  linear  feet.  This  was  on  account  of  the  narrow  spacing  of  the 
holes,  the  additional  depth  drilled  and  also  that  this  season's  drilling  covered 
the  heaviest  part  of  the  work.  There  is  now  left  above  the  dam  and  area  un- 
drilled  about  equivalent  to  1 200  linear  feet  of  channel 

Lineal  FmI, 
Average  day's  work  for  one  drill  unit  operated  with  a  double  crew. .  431 

AveraRe  hour's  work 17 

Average  hour  for  one  drill 375 

"  The  drill  unit  used  for  work  here  consists  of  a  float  for  carrying  the  drills, 
and  a  boat  of  some  type  having  a  boiler  with  sufficient  power  for  furnishing 
steam  for  all  of  the  drills.  The  floats  have  been  modified  to  some  extent,  it  beiog 
thought  best  to  deck  them,  since  with  the  decks  they  are  less  liable  to  sink  during 
the  heavy  wind  storms  which  wc  sometimes  have. 

"  During  the  first  season's  work  any  boat  having  sufficient  boiler  power 
that  could  be  spared  from  the  plant  was  used  as  tender.  The  floats  could  be  very 
quickly  built  and  they  were  put  to  work  in  this  nay  pending  the  building  of  a 
suitable  tender,  The  type  of  boat  built  for  this  purpose  ia  a  barge  30  by  80  by 
4  feet  in  depth,  provided  with  three  spuds.  It  is  equipped  with  a  go-horse-power 
boiler,  one  Leyner  drill  sharpener,  one  compressor  for  operating  same,  and  a 
steajn  capstan  for  handling  the  barge.  The  drill  sharpener  is  Leyner  No.  2, 
and  the  sizes  of  steel  for  forming  the  bits  are  i},  1  j,  and  i}  inches.  The  sharp- 
ener b  driven  by  air,  the  compressor  in  use  being  one  manufactured  by  Chicago 
Pneumatic  Tool  Co.,  having  a  c^inder  9  inches  for  steam  and  air,  by  u-inch  piston 
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stroke,  piston  displacement  130  cu,  ft.  air  per  minute  at  too  pounds  pressure. 
This  tender  was  built  here  and  equipped  for  the  work,  the  cost  being  as  follows: 

Building  hull,  cost  of  labor  and  subaistcnte Si>i4(i 

Ltamber  and  iron,  nails,  spikes,  oakum,  etc 1,90^ 

One  go-horse-power  Brownell  boiler. 900 

One  Leyner  drill  sharpener,  No.  2 697 . 

One  compressor  foe  running  same 533 . 

One  receiver  for  air  storage 64 . 

One  steam  capstan. 4g3 

Setting  up  and  connecting  above 185. 

Building  one-story  cabin  for  sheltering  machinery,  material, 

and  labor 463 


TotaJ  cost  ol  tender  ready  for  use ,  $6,589 

Type  of  float  now  in  use,  composed  of  13  boats;   cost,  labor, 

and  material $1,140 

Eight  drills,  E-J4  Ingersoll-Sergeant ',950 

Steam  hose,  diHI  steel,  iron  pipe 365 


Cost  of  one  drill  unit $10,044.36 

"  Three  drill  units  were  operated  during  the  season  of  1911,  and  it  was  found 
that  one  drill  sharpener  could  keep  si  eel  in  shape  for  the  three  units,  each  of  which 
carried  eight  drills.  Only  one  tender,  as  described  above,  has  been  built  for  the 
work  here,  the  other  two  units  being  furnished  with  steam  by  ^are  pieces  from 
the  plant.  It  was  found  that  the  greatest  wear  and  deterioration  in  the  drill 
units  are  in  float  and  the  drills,  it  having  been  found  necessary  to  reborc  and  over- 
haul a  number  of  the  latter  and  that  two  seasons'  work  is  about  ail  that  the  floats 
will  stand. 

"The  area  drilled  in  igii  is  shown  on  accompanying  sketch  in  solid  black, 
extending  from  the  upfwr  end  2500  feet  down-stream.  Estimated  in  place  there 
are  35,136  cubic  yards  of  material  to  be  removed  in  order  to  reduce  this  area  to 
grade.  As  previously  stated,  when  this  area  was  dredged  a  great  many  high 
points  were  found,  making  it  necessary  to  reblast  a  considerable  portion  of  this 
channel,  and  su^esting  the  advisability  of  deeper  and  closer  drilling.  During 
this  season  28,831  linear  feet  of  holes  were  put  down,  loosening  up  about  23,155 
cubic  yards  of  material,  costing  as  follows; 

Actual  field  cost,  bcluding  material,  salaries,  and  subastence,  etc.   $13,^9959 

Deterioration  of  plant  on  account  of  season's  work 3,840.00 

Overhead  charges 664.98 

Total  cost $17,804.57 

Cost  per  linear  foot. 0,617 

Cost  per  cubic  yard,  loosened o.  76 

"The  hatched  area  on  sketch  shows  portion  of  channel  drilled  in  igii,  on 
which  the  dredges  are  now  working.    The  closer  spacing  of  the  holes,  4  by  6 
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feet,  has  served  to  loosen  up  the  material  much  better  and  the  dredges  are  able 
to  get  '  grade,'  with  the  exception  of  a  small  area  which  was  drilled  when  the 
river  was  too  high.  During  the  season  of  1912  85,708  linear  feet  of  holes  were 
drilled  and  blasted,  loosening  up  76,185  cubic  yards  of  material  estimated  in 
place,  costing  as  follows: 

Entire  field  cost,  material,  etc ; J4ir4S7-7S 

Estimated  deterioration  o(  plant 7,500,00 

Overhead  charges 2,072.88 

Total  cost JS',030.63 

Cost  per  linear  foot,  drilled  and  blasted .595 

Cost  per  cubic  yard,  loosened .  677 

Total  amount  oC  material  loosened  up  in  the  two  seasons  99,566 
cubic  yards. 

Total  amount  oi  dynamite  used,  75,450 pounds $12,855.36 

Amount  of  dynamite  per  cubic  yard,  ',  pound .127 

Should  a  regular  drill  scow  be  available,  such  as  is  in  use  on  the 
harbor  work  of  Victoria,  B.  C,  (Fig.  231)  it  will  be  unnecessary 
to  rig  up  scows  and  drills  as  outlined  in  the  preceding  pages.  The 
Department  of  Public  Works  of  British  Columbia  operates  this 
drilling  plant,  and  during  the  fiscal  year  1911-12J  1690  cubic  yards 
of  rock  were  removed  at  a  cost  of  $6.13  per  cubic  yard.  The  entire 
dredging  plant  is  under  the  superintendence  of  H.  A.  Bayfield, 
M.  Can.  Soc.  C.E.  This  department  is  also  using  a  Lobnitz  rock 
breaker  which  was  operated  only  part  of  the  year,  removing  locx) 
yards  of  rock  at  an  approximate  high  cost  of  $9  per  cubic  yard. 
This  plant,  however,  was  not  operated  enough  to  give  it  a  fair  test, 
and  considerable  trouble  was  had  in  mooring  it  with  cables,  on 
account  of  having  to  slack  the  cables  to  allow  the  passage  of  ves- 
sels, and  spuds  have  been  added  to  facilitate  the  work.  The  larg- 
est cutter,  weighing  20  tons,  is  for  use  in  depths  up  to  40  feet. 
Considerable  trouble  was  also  had  with  the  cable  breaking,  and 
this  is  doubtless  due  to  the  causes  mentioned  hereafter,  and  can, 
doubtless,  be  overcome  as  explained  by  the  makers  of  these  ma- 
chines. 

The  winch  should  be  stopped  before  cutter  is  let  go,  and  should 
be  started  slowly  to  take  the  weight  on  the  hoisting  rope  without 
sudden  jerk.  When  fitting  a  new  rope  on  the  winch,  before  start- 
ing regular  work,  it  is  necessary  to  take  the  twist  out  of  the  rope 
as  follows: 

The  cutter  should  not  be  raised  and  dropped,  otherwise  the  rope 
will  kink  and  tie  itself  into  knots,  which  destroys  the  rope. 

On  the  contrary,  the  weight  of  the  cutter  should  be  taken  on  the 
rope  by  raising  the  cutter  with  the  winch  slightly,  say  the  lower 
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end  of  the  cutter  about  i  foot  from  the  rock.  The  cutter  will  then 
begin  to  turn.  It  should  then  be  lowered  on  to  the  bottom,  so  as 
to  stop  the  speed  of  spinning.  And  when  it  stops  turning  it  should 
be  raised  again  about  i  foot. 

This  should  be  done  several  times  until  all  tendency  of  spinning 
has  gone. 

The  cutter  can  then  be  raised  a  or  3  feet,  and  dropped,  care  being 
taken  to  catch  the  rope  immediately  the  blow  is  struck,  to  prevent 
the  rope  running  out. 


Fig.  331. — Victoria  Drill  Scow  and  Tender. 

By  this  procedure  it  will  be  found  that  the  man  operating  the 
winch  will  be  able  to  entirely  avoid  kinking  the  rope  after  a  little 
practice  and  experience. 

The  method  of  breaking  rock  by  impact  has  been  employed 
for  over  twenty  years  in  similar  work,  and  machines  of  this  kind 
are  manufactured  by  Lobnitz  &  Co.,  of  Renfrew,  Scotland,  which 
has  a  cylindrical  ram  with  a  projectile-shaped  cutter-head,  while 
the  Krupps  of  Germany  make  one  with  a  square  cutter-head  that 
sharpens  like  a  cold  chisel.  These  Lobnitz  rams,  shown  in  Fig. 
332,  weigh  from  6  to  15  tons,  and  are  raised  from  6  to  15  feet  and 
dropped  about  four  times  a  minute.    As  the  whole  force  of  the 
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blow  is  delivered  on  a  very  small  surface,  the  tempered  points  of 
the  cutter  crush  the  very  hardest  rock.  From  lo  to  20  blows  are 
required  at  each  point  and  then  a  move  of  3  feet  is  made.  The 
rock  is  partly  broken  and  partly  pulverized,  and  after  one  layer  of 
about  3  feet  in  thickness  is  broken  up,  the  bottom  is  cleaned  up 
with  a  dredge  before  another  layer  is  started  upon,  unless  the  area 
is  large  enough  for  the  breaker  to  work  in  one  place,  while  the  dredge 
is  cleaning  up  in  another.  The  machine  shown  in  Fig.  233  has  the 
cutter  at  one  end  of  the  scow,  while  the  one  shown  in  Fig.  234  operates 
through  the  center  of  the  scow.    The  points  shown  in  Fig.  235  are 


Fig.  231.— Lobnitz  Rockcutter  Ram. 

both  a  new  point,  and  one  pretty  well  worn  down,  showing  that  it 
is  self-sharpening,  on  account  of  the  center  being  harder  than  the 
outside. 

The  records  show  that  in  many  places  where  hard  rock  has  been 
removed,  that  2  cubic  feet  of  rock  are  broken  per  blow,  to  a  size 
that  can  be  readily  dredged.  The  average  number  of  blows  per 
hour  is  usually  about  150,  and  will  give  about  10  cubic  yards  per 
hour  for  a  single-cutter  machine. 

The  cost  of  operating  one  of  these  tools  can  be  arrived  at  from 
the  fact  that  four  men  arc  required  to  run  it,  one  ton  of  coal  per 
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FlC.    2i3. — LOBN'ITZ    KOCKCUTTER    WITH   TlUBER   HULL. 


Fig.  J34.— LoBsni  RocKcnrrEE  with  LtM-tB  Wtu.. 
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FiC.    235. — LOBNITZ    ROCKCUTTER   POINTS,   BOTH   OlD   AND  NEW, 


Fio.  J36.— Rock  Broken  by  is-tos  Rockcuttbe,  Dredged  and  Dumped  Ashou 
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day  is  consumed,  and  an  additional  amount  equal  to  three  times 
the  cost  of  the  coal  is  usually  expended  on  oil,  supplies,  and  repairs, 
although  this  latter  item  may  run  considerably  in  excess  of  this. 
The  actua)  cost  of  removing  sandstone  rock  at  practically  the  rate 
given  above,  for  Blyth  Harbor  Works  in  England  was  at  the  very 
low  cost  of  31  cents  per  cubic  yard.  French  records  show  that  hard 
granite  has  been  removed  at  the  rate  of  3  yards  per  hour  by  a 
similar  machine,  indicating  that  the  cost  would  run  to  about  $1 
per  cubic  yard. 

Such  machines  are  more  particularly  suited  to  removing  shelly 
rock,  or  levehng  off  the  site  of  a  pier,  than  any  other  type,  if  one 
happens  to  be  available;  but  in  most  cases  they  will  be  much  more 
easily  handled  if  provided  with  spuds  instead  of  mooring  lines,  in 
accordance  with  the  experience  before  mentioned  in  describing 
the  one  in  use  at  British  Columbia. 

A  pile  of  rock  as  broken  up  by  orie  of  these  breakers  is  shown 
in  Fig.  236  after  it  was  dredged  and  put  ashore. 
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CHAPTER  XVII 
DIPPER  AND  LADDER  DREDGES 

The  dipper  dredge,  next  to  the  clam-shell,  is  the  most  likely  one 
that  an  engineer  would  employ  in  digging  out  for  the  foundations 
of  engineering  structures,  especially  if  the  material  is  so  compact 
or  hard  that  the  clam-shell  will  not  handle  it  economically.  For 
soft  material  the  bucket,  which  is  similar  to  the  ordinary  steam- 
shovel  bucket,  can  be  fitted  with  a  rounded  plate  nose  or  Up,  but 
for  medium  and  hard  digging,  it  must  be  fitted  with  teeth.  The 
small  dipper  dredges  of  the  Osgood  t^Tte,  Figs.  237  and  238,  are  among 
the  best  machines  of  this  kind  in  use.  Such  dredges  are  more  simple 
in  construction  than  elevator  dredges  described  in  the  latter  part 
of  this  chapter,  and  are  consequently  easier  and  cheaper  to  keep  in 
repair.  The  hull  of  this  dredge  is  70X17X6  feet  deep,  with  two 
6-foot  pontoons  which  can  be  removed  to  allow  the  dredge  to  go 
through  a  lock.  The  engines  consist  of  a  double-drum  main  engine 
with  8X1Q  cylinders;  a  swinging  engine  with  6X8  cylinders;  and 
a  crowding  engine  with  5X6  cylinders,  wliich  are  all  used  in  oper- 
ating the  ij-yard  bucket  on  the  steel  boom  45  feet  in  length. 

The  crowding  engine  is  used  to  control  the  dipper  and  enable  it 
to  make  a  practically  level  bottom  at  one  cut,  and  also  thrust  the 
dipper  far  enough  beyond  the  boom  to  allow  it  to  dump  52  feet  from 
the  center.  This  dredge,  which  cost  complete  only  $10,000,  is 
operated  by  a  crew  of  only  four  men,  and  consumes  but  i  ton  of  coal 
per  day  of  twelve  hours.  The  average  excavation  during  four 
months'  work  was  549  cubic  yards  per  day,  or  a  probable  cost  of 
12  cents  per  cubic  yard  without  tugs  or  scows.  The  machine  has 
sufficient  power  to  dig  hardpan,  boulders,  and  very  soft  shale  rock. 
For  the  small  amount  of  dredging  that  would  likely  have  to  be  done 
in  foundation  work,  the  cost  would  probably  run,  for  comparatively 
easy  digging,  from  about  25  to  40  cents  per  cubic  yard.  These 
latter  figures  cover  the  use  of  dump  scows,  and  a  tugboat  for  towing 
them,  but  the  low  cost  given  above  is  for  simply  dumping  the  mate- 
rial as  far  as  the  boom  will  reach.    This  can  sometimes  be  done 
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where  the  current  will  carry  away  the  dredged  material;  where  the 
water  is  deeper  than  required  for  navigation;  or  wherever  the  con- 
tractor has  permission  from  the  Government  engineers  to  dump. 
The  data  of  small-sized  dipper-dredges  is  shown  in  Table  XXXIII. 

TABLE  XXXin.— SMALL-SIZED  MARION  DIPPER  DREDGES 


Bucket  Cap.  in  Cu.  Yds. 

Cu.  yd.  cap.  in  lo  hrs 

Length  of  boom 

Will  dig  below  wate 

Will  dump  above  wate 

Cen.  of  boat  to  cen.  a 

Length  of  hull 

.Width  of  hull 

Depth  of  hull 

Size  of  engines 

Hobting  cable 

Swinging  cable 

Backing  chain 

Size  number  of  bculet. 


45  ft. 

3$    ft. 
12-15  ft. 

40-4S  ft. 
8o-<)oft. 
30-3S  ft- 
7-7i  ft. 
twoiaXM 

liin. 

liin. 


No. 


13 


3S-40  ft. 
75-80  ft- 

26- jO  ft. 

7  ft. 

two  12X14 

ilin. 

li  in. 

No.  13 


30-35  ft. 
70-75  ft. 

7  ft. 


35-40  ft. 
65-70  ft. 

6ift. 


30-35  ft. 

7S-70  ft. 
31-54  ft. 
6Jft. 


Bdtn-  No.  13.     Locomoti 


!  Type.- 
Tjrpo.— 


1.  diameter;    firebox.  64  In.  long.  52  Lr 
1.  diuneter;  Sreboi.  64  in.  long,  J2  lr 


The  small  dredge  just  described  is  shown  with  chains  to  operate 
it,  but  the  larger  and  later  dredges  practically  all  have  a  angle-wire 
rope  running  to  the  dipper,  or,  in  case  the  engines  are  not  powerful 
enough  for  this,  a  single  sheave  can  be  used  to  carry  a  double  line 
from  the  end  of  the  boom  to  the  dipper. 

The  dredge  shown  in  Fig.  239  is  one  constructed  by  the  author 
for  use  on  Puget  Sound.  It  has  a  hull  40X100X11  feet  6  inches 
deep.  The  sides  are  12X12  in  thickness;  the  bottom  planking 
is  5  inches  thick,  and  the  deck  planking  4  inches  thick.  The  keel- 
sons are  12X14,  and  the  deck  beams,  running  longitudinally,  10X12, 
supported  every  3  feet  6  inches.  The  longitudinal  bracing  con- 
sists of  two  intermediate  solid  bulkheads  of  12X12  timbers,  and 
two  Howe  trusses  running  the  entire  length  of  the  hull,  and  placed 
20  inches  in  the  dear  inside  of  the  sides  of  the  hull.  Heavy  knee 
bracing  of  natural  fir  knees  was  used  at  every  other  beam  longi- 
tudinally, at  every  beam  across  the  end,  and  at  every  other  beam 
across  the  stem.    The  hull  was  also  braced  transversely  with  a  Howe 


D.qit.zeaOvGoOt^lc 


SUB-AQUEOUS  FOUNDATIONS 


D.qit.zeaOvGoOt^lc 


DIPPER  AND  LADDER  DREDGES  333 

truss  8  feet  inside  of  the  front  end.  All  of  the  fastenings  of  the  hull, 
and  the  calking  and  painting  was  of  the  very  best  throughout.  The 
boiler  was  of  the  locomotive  type,  built  under  marine  inspection, 
and  having  2100  square  feet  of  heating  surface.  The  machinery 
was  built  of  a  size  and  strength  sufficient  to  carry  a  7-yard  dipper 
for  easy  digging,  but  was  really  equipped  with  a  sJ-yard  dipper  for 
hard  digging,  and  a  4-yard  dipper  for  medium  digging.     Everything 


^ 


Fic.  140.— Main  Du-pek  Dkedce  Engines.    16X30. 

was  operated  by  levers  from  the  pilot  house.  The  cost  of  the  hull 
was  approximately  $18,000,  ready  to  receive  the  machinery  and  the 
house,  while  the  dredge  complete,  ready  for  operation,  cost  $56,000. 
Three  300-cubic  yard  dump-scows  were  constructed,  to  carry  away 
the  material,  at  a  cost  of  approximately  $6000  each;  and  a  75- 
foot  tugboat  was  used  to  tow  the  scows  from  the  dredge  to  the 
dumping  ground.  The  machinery  on  the  dredge,  of  the  Feather- 
stone  type,  consisted  of  main  dredge  engines,  double-cylinder,  double- 
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drum,  as  shown  in  Fig,  240.  The  reversible  swinging  engines  were 
double-cylinder  engines  as  shown  in  Fig.  241.  The  spud  engines 
are  of  double  reversible  type,  and  hoist  the  spuds  with  wire  ropes, 
and  pin  up  the  dredge  or  hold  it  up  on  the  spuds  solidly  for  digging, 
by  means  of  wire  ropes  running  over  sheaves  at  the  top  of  the  spuds 
so  as  to  lift  the  hull  on  the  spuds,  as  much  above  the  natural  flotation 
line  as  is  necessarj'  to  give  the  dredge  the  necessary  stiffness  while 
digging.  The  rear  spud  engines  were  used  of  a  design  to  lift  the  spud, 
and  separate  cylinders  to  walk  the  dredge  ahead.  The  other  equip- 
ment for  the  dredge  consisted  of  surface  condenser,  air-pump  and 
hot  well,  circulating  pump,  boiler-feed  pump,  and  a  fire-pump.  The 
dredge  was  lighted  by  an  electric-light  plant  large  enough  to  operate 


Fig.  341. — SwmciNG  ENcnres  ros  Dipper  Dsedge.    10X14. 

sixty  i6-c.p.  lamps,  and  at  the  same  time  furnish  current  to  a  3000- 
c.p.  search-light.  The  specifications  for  the  dipper  are  as  follows: 
"  The  dipper  will  be  made  of  ^-inch  steel  plate;  the  mouthpiece 
being  of  forged  steel  2  inches  thick.  The  dipper  (Fig.  242)  will  be 
provided  with  four  dipper  teeth  with  tool-steel  points  (Fig.  243) ; 
they  will  be  let  into  the  mouthpiece  of  the  dipper  and  fastened  to 
the  shell  with  wrought-iron  staples,  so  that  they  can  be  easily  removed 
for  sharpening.  Each  tooth  will  weigh  approximately  1000  pounds, 
"  The  dipper  will  be  trimmed  in  the  most  substantial  maimer  with 
heavy  cast-steel  trimmings,  and  all  necessary  lugs  to  support  pins. 
The  bail  hinge,  arm  and  brace  pins  will  be  of  extra  size;  all  bushed 
with  steel,  and  pressed  tightly  into  position.  The  dipper  arms, 
braces  and  bail  will  be  made  of  best  hammered  iron.    The  door 
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will  be  made  of  two  steel  plates,  each  |  inch  thick,  and  will  be  pro- 
vided with  a  relief  door  and  all  necessary  latches,  latch  rollers,  rol- 
ler cages,  catches,  etc.,  for  convenience  in  handling  and  quick  opera- 
tion. The  arms  are  provided  with  six  bolts  for  fastening  to  the 
dipper  handle.  The  handle  trimmings  of  the  dipper  will  consist 
of  the  following:  Staple,  washers  and  nuts  for  backing  chain,  trip 
levers,  and  necessary  attachments  for  same.  For  the  lower  end  of 
dipper  handle  provide  the  latest  form  and  design  and  reinforcements 
for  dipper  arms.    On  each  ade  of  the  handle  will  be  provided  two 


Fic.  341. — EiGHT-VARD  Dipper  with  Lip. 

22XiX84-inch  plates,  to  which  will  be  fastened  four  SX3iXi- 
inch  angles  placed  just  wide  enough  apart  to  hold  the  dipper 
arms." 

The  record  of  the  dredge  in  medium  hard  digging  is  about  30,000 
yards  per  month,  where  the  material  had  to  be  towed  a  distance  of 
ij  miles.  The  comparative  amounts  dug  by  dipper  dredges  is  shown 
in  Table  XXXIV. 

The  greatest  dredges  of  this  type  have  undoubtedly  been  con- 
structed for  use  on  the  Great  Lakes,  in  the  central  portion  0/  the 
United    States.      The     dredge     Toledo,    constructed    in     the    last 
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few  years,  has  a  dipper  of  15  yards  capacity.  This  dipper  is  oper- 
ated with  a  single  wire  rope  3  inches  in  diameter,  as  shown  in  Fig. 
Z44,  which  also  shows  the  longitudinal  steel  stiffening  trusses  which 
are  commonly  used  in  wooden  hulls,  this  hull  being  44X135X13 
feet  6  inches  average  depth.  The  machinery  is  all  placed  in  the  hold, 
with  the  exception  of  two  small  winch  engines  for  handling  the  scows, 
which  are  placed  on  deck.  The  main  engines  are  horizontal,  revers- 
ing, twin  tandem  compound  condensing.  The  high-pressure  cylinders 
have  piston  valves,  while  the  low-pressure  have  flat  slide  valves.    The 


Aiholian  Tooth 

Fic.  *43.— Dipper  Dsedge  Teeth. 

enormous  capacity  of  the  drfedge  makes  it  necessary  to  provide 
scows  of  1500  yards  capacity  to  take  away  the  material.  The  aver- 
age running  time  of  dipper  dredges  is  from  sixteen  to  eighteen  hours 
out  of  twenty-four. 

Dredges  of  the  ladder  or  elevator  type  (Fig.  245,  being  a  dredge 
constructed  by  Lobnitz  &  Co.,  for  the  Suez  Canal),  are  verj'  seldom 
used  in  the  United  States,  where  dredges  of  the  dipper  and  suction 
type  have  reached  such  a  high  state  of  development  and  eflSciency. 
One  of  this  kind,  operated  by  the  Department  of  Public  Works  of 
British  Columbia,  removed  during  the  fiscal  year  1911-13,  at  Van- 
couver, B.  C,  621,310  cubic  yards  at  a  cost  of  16  cents  per  cubic 
yard.     This  cost  is  made  up  as  follows: 
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Muntenance  of 

Dredge $  53,445 

Four  tugs 9,412 

Hire  of  three  tugs 27,450 

Repairs  to  ■ 

Dredge : . .  8,036 

Scows 4ti36 

Tugs 937 

Total $103,419 


Fig.  345. — Bdcket  Dkeddeb  fob  Suez  Canal  Co. 


This  dredge  is  described  in  a  recent  number  of  the  Engineering 
Record  as  follows:  "  The  Mastodon  was  built  by  Simonds  &  Sons, 
of  Glasgow.  The  dredge  is  of  steel  throughout;  the  length  overall 
is  206  feet,  beam  36  feet  6  inches;  maximum  draft,  with  the  ladder 
raised,  12  feet.  The  main  engine  equipment  consists  of  a  pair  of 
compound  surface- condensing  engines  for  operating  the  bucket 
line  or  for  propelling  the  ship.  These  engines  are  so  arranged  that 
either  one  can  be  used  to  drive  the  elevating  machinery.  In  order 
to  balance  wear  and  facilitate  overhaul,  the  bucket  line  is  usually 
driven  by  one  engine  for  a  week,  and  then  the  second  engine  is  used 
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for  a  amilar  period.  As  the  engines  each  develop  about  6o»  indicated 
horse-power,  the  operation  of  the  elevator  gives  only  a  comparatively 
Ught  loading.  Indicator  cards  taken  while  the  elevator  brought 
up  fifteen  loads  per  minute  from  a  depth  of  40  feet  showed  an  average 
of  206  indicated  horse-power. 

"  There  are  forty-eight  buckets  in  the  elevator.  These  have  a 
capacity  of  24  cubic  feet  each  and  are  equipped  with  manganese- 
steel  replaceable  lips.  The  ladder  is  long  enough  to  permit  operat- 
ing in  depths  up  to  50  feet,  and  is  said  to  work  satisfactorily  in  heavy 
gravel,  carrying  boulders  as  large  as  the  buckets  will  bring  up. 
The  Mastodon  was  purchased  primarily  for  widening  the  First  Nar- 
rows at  Vancouver,  but  has  been  assigned  to  various  other  stations 
where  it  was  required  to  dredge  heavy  gravel  and  small  boulders. 
The  large  amount  of  time  lost  waiting  for  scows  is  chiefly  due  to  the 
fact  that  in  the  First  Narrows  the  tidal  currents  range  as  high  as 
9  knots  per  hour,  which  interfered  with  the  speedy  handling  of  scows. 
The  repairs  to  dredge  includes  alterations  so  extensive  as  to  amount 
practically  to  remodeling,  deemed  necessary  to  better  adapt  the 
vessel  for  the  work  in  hand.  These  alterations  were  subsequent 
to  the  loss  of  54.9  per  cent,  of  working  time  for  the  first  month  that 
the  Mastodon  was  in  commission,  which  time  was  spent  adjusting 
machinery.  Since  the  tabular  data  were  compiled  the  Mastodon  has 
been  converted  into  an  oil  burner,  and  the  time  lost  on  account  of 
coaling  has  become  nU.  Two  months  were  spent  working  in  excep- 
tionally hard  material,  some  of  which  was  hardpan  and  rock,  which 
could  only  be  scraped  over,  and  during  this  time  the  yardage  per 
hour  of  actual  dredging  fell  to  approximately  280  cubic  yards. 
Due  to  this  fact  the  average  capacity  is  somewhat  lower  than  could 
normally  be  expected." 

The  elevator  dredge  Viscount  Ridley  is  of  the  hopper  type, 
and  is  described  in  a  recent  number  of  the  Engineer:  "  The  deepen- 
ing of  the  harbor  and  entrance  channel  at  BIyth,  so  as  to- have  24 
feet  at  low  water  or  39  feet  at  high  water  of  spring  tides,  involves 
the  removal  of  about  500,000  cubic  yards  of  rock  broken  with  a  Lob- 
nitz  breaker.  For  dredging  this  broken  rock  the  Blyth  Harbor 
Commissioners  have  recently  introduced  the  powerful  dredger 
Viscount  Ridley,  which  has  been  built  by  Fleming  &  Ferguson,  Ltd., 
of  the  Phoenix  Works,  Paisley.  This  vessel  (Fig,  246)  has  a  length 
of  136  feet,  a  breadth  of30  feet,  and  a  depth  molded  of  11  feet  6  inches. 
She  is  specially  constructed  with  heavy  scantlings  so  as  to  withstand 
the  abnormal  strains  of  rock  dredging,  and  is  capable  of  lifting  rock 
at  depths  varying  down  to  45  feet  beiow  water-line.    The  engines 
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for  driving  the  main  gear  are  coupled  direct  to  the  gear  shaft,  and 
are  supplied  with  steam  from  one  large  cylindrical  retum-tube  boiler. 
The  shaft  for  driving  the  bucket  chain  is  driven  through  cast-steel 
spur  and  bevel  gear,  the  teeth  all  being  machine  cut.  These,  together 
with  the  shaft,  brackets  and  framing,  have  a  large  margin  of  strength 
over  the  power  developed  by  the  engines,  so  that  in  the  event  of  the 
buckets  getting  such  a  hold  on  the  rock  as  to  stop  the  gear,  the  risks 
of  a  breakdown  are  largely  reduced. 

"  The  bucket  ladder  is  constructed  of  mild  H-section  girders, 
96  feet  in  length  between  centers  and  6  feet  deep  at  center,  and  is 
strongly  braced,  while  the  chain  of  buckets  is  of  special  design,  the 
bucket  rims  being  reinforced  by  hard-steel  cutting  lips.  Both  the 
hull  and  machinery  of  the  vessel  were  constructed  under  Lloyds' 
special  survey,  and  the  boat  is  fitted  with  a  complete  installation  of 
auxiliary  machinery.  To  maneuver  the  vessel,  three  specially  power- 
ful dredger  winches  are  fitted  on  deck.  Independent  steam  engines 
are  provided  for  hoisting  and  lowering  the  bucket  ladder  and  shoots, 
and  there  is  also  an  electric  installation  for  lighting  the  vessel  for 
night  working. 

"  The  rock  in  Blyth  Harbor  consists  of  very  hard  sandstone 
intermixed  with  veins  of  metamorphic  rock,  and  large  numbers  of 
boulders  are  also  met  with,  a  large  number  of  these  boulders  being 
taken  out  of  the  buckets  in  the  space  of  three  hours.  As  the  removal 
of  the  boulders  from  the  buckets  entails  a  loss  of  time,  it  was  decided 
to  allow  them  to  go  down  the  shoots  into  the  hopper  barge  alongside, 
and,  to  prevent  them  from  damaging  the  barges,  strong  channels 
are  fixed  to  the  points  of  the  shoots  in  order  to  minimize  the  impact 
of  the  stones  striking  the  hopper  beams  and  chains  of  the  barge. 
This  arrangement  had  proved  very  successful,  and  stones  weigh- 
ing over  a  ton  regularly  pass  down  the  shoots  into  the  barges.  One 
of  these  boulders,  which,  owing  to  its  shape,  came  down  the  shoots 
at.  a  great  velocity,  and,  striking  the  guard  bar  at  the  point  of  the 
shoot,  traveled  over  the  hopper  on  to  the  deck  of  the  barge  and  then 
into  the  river.  The  guarantee  undertaken  by  Fleming  &  Ferguson, 
Ltd.,  was  to  raise  200  tons  of  rock  per  hour,  and  this  was  exceeded 
during  the  three  days'  consecutive  trials  just  completed.  The  maxi- 
mum rate  of  dredging  obtained  was  at  the  rate  of  273  tons  per  hour. 

"  The  vessel  was  built  to  the  instructions  and  requirements  of 
Messrs.  J.  Watt  Sandeman  &  Son,  Newcastle-upon-Tyne,  the 
engineers  for  the  Blyth  Harbor  Commissioners,  and  the  trials  were 
carried  out  under  their  supervision  and  that  of  Mr.  G.  D.  McGlashan, 
the  resident  engineer  at  Blyth." 
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SUCTION  AND  HOPPER  DREDGES 

The  two  preceding  chapters  have  covered,  as  thoroughly  as 
is  necessary  for  the  subject  of  foundations,  the  construction  and 
operation  of  clam-shell,  ladder,  and  dipper  dredges,  and  if  any 
cases  should  arise  where  channels  are  to  be  dredged,  along  the  sides 
of  which  are  to  be  built  the  foundations  of  sea-walls,  and  any  loca- 
tions dredged  out  for  large  structures  such  as  drydocks  and  locks, 
it  would  seem  well  at  this  point  to  discuss,  preferably,  the  kinds  of 
work  to  which  the  various  dredges  are  best  adapted. 

The  clam-shell  dredge  is  of  the  greatest  use  in  the  softer  kinds 
of  material,  ajid  where  the  debris  has  to  be  towed  away  for  dump- 
ing, or  else  has  to  be  deposited  on  the  bank  on  shore  with  a  long  boom. 
This  dredge  is  the  only  type  where  dredging  can  be  done  economically 
to  depths  greater  than  about  50  feet.  Where  the  depth  is  greater 
than  50  feet,  it  will,  however,  require  the  very  best  levermen  to  get 
out  enough  yardage  to  keep  the  work  on  an  economical  basis. 

The  dipper  dredge  cannot  be  used  for  a  greater  depth  than  about 
50  feet,  but  with  powerful  machinery  and  small  dippers  fitted  up 
with  teeth  for  digging  stiff  clay,  hardpan,  cemented  gravel,  or 
even  soft  rock,  it  is  the  only  machine  to  be  seriously  considered, 
and  where  the  depths  are  not  too  great,  it  will  be  fully  as  economical, 
if  not  more  so,  than  the  clam-shell.  Of  course  the  material  must 
be  towed  away,  except  in  rare  cases  where  it  can  be  deposited  on 
the  bank  by  means  of  a  long  dipper  handle,  as  shown  in  Fig.  237. 
Where  the  digging  is  not  too  hard,  the  larger  sizes  of  dippers  can  be 
used  to  advantage,  and  will  greatly  reduce  the  cost  of  the  work. 

The  ladder  dredge,  being  so  much  more  expensive  to  operate 
and  keep  in  repair  than  clam-shell  or  dipper  machines,  is  seldom 
used  in  the  United  States,  and  work  that  cannot  well  be  done  by  the 
clam-shell  or  dipper,  is  in  .the  author's  opinion  much  better  carried 
on  by  a  suction  dredge. 

The  suction  dredge  is  the  only  one  that  will  economically  handle 
material  to  considerable  distances  on  shore,  either  for  the  wasting 
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of  the  material,  or  for  reclaiming  low  lands  or  tide  lands.  The 
most  economical  size  of  this  dredge  is  one  having  a  20-inch  centrifugal 
pump,  as  shown  by  thfc  table. 

Such  a  machine  will  handle  in  twenty-four  hours  upward  of 
20,000  cubic  yards  of  mud  to  a  maximum  distance  of  about  6000 
feet,  and  will  handle  8000  to  10,000  cubic  yards  per  day  of  light 
sand  through  a  pipe  line  less  than  1000  feet  long,  and  for  any 
material  running  from  mud  up  to  moderately  heavy  sand  and 
gravel,  it  is  the  only  machine  that  should  be  used  where  large  quan- 
tities of  material  are  to  be  removed,  and  where  there  is  a  place  to 
deposit  the  same  ashore,  or  for  filling  in  shallow  water.  The  average 
running  time  is  usually  over  twenty  hours  out  of  twenty-four. 

The  data  given  in  Table  XXXIV  is  made  up  simply  as  a  matter 
of  judgment  by  the  author  from  experience  gained  through  many 
years  of  construction  and  operation  of  all  kinds  of  dredges  on  a 
large  scale,  and  while  the  distances  for  towing  the  material  and  dis- 
charging it  ashore  are  only  approximate,  the  quantities  given  are 
very  close  averages  for  twenty-four-hour  operation  with  two  shifts. 
The  cost  of  excavation  will  be  discussed  in  a  later  chapter,  from  which 
can  be  gathered  further  information  as  to  the  best  machine  to  use 
in  any  given  location. 


TABLE  XXXIV.— CAPACITY  OF  DRED 

GES  OF 

DIFFERENT  TYPES 

Mud. 

"s".i,r 

ss. 

"SZ7 

Sand  ond 

Sr'Zl 

c^.^;^. 

Hirdpan. 

Cltunshelt 

,  4  yd. 

1000  yds. 

■  Imi. 
isooyd* 

2!  mi. 
■  .00  yds. 

3  mi. 

600  yds. 

3  mi. 

600  yds. 

4  mi. 

3Scyds. 

6  mi. 
;5oyds. 

Dipper 

3  yd. 

2  ml. 

3000  yds. 

i4c«yds. 

.(mi. 
3400  yds. 

3  mi. 

1800  yds. 

4  mi. 

1500  yds 

smi. 

.200  yds. 

smi. 
100=  yds. 

7  mi. 

Dipper 
6  yd. 

3  mi. 
5000  yds. 

3  mi. 
S<»oyds. 

jimi. 

4sooyds. 

4  mi. 

3sooyds. 

6  mi. 

3500  yds. 

Smi. 

1000  yds. 

Smi. 
1800  yds. 

Ladder 
Dredge 

Smi. 

5  mi. 
jjooyds 

6  mi. 
2000  yds. 

Smi. 
1500  yda. 

Suction 

6000  fi. 
20000  yds 

5280  ft. 
4000  yd. 

Soooft. 
2000  yd.. 

3000  ft. 
1500  yds. 

3OO0(t. 

.000  yds 

800  ft. 
600  yds. 

1000  ft. 
ic^oyds. 

Suction 
30  In. 

6000  ft. 
30000  yds 

S.80  ft. 

soooft. 
4000  yd.. 

3000  £t. 
SSooyds. 

1000  ft. 

2200  yds 

IJOOft. 

800  yds. 

1200  ft. 
2000  yds. 

C»p»cily  In  cubic  yards  per  day.  manmuin  to 
Clam-iheU  dredge.  1  3sa-yd.  kowl  50  hor» 
Dipper  dredge.  3  yd..  3  300-yd.  kowi.  75  ho 
Dipper  dredge.  6  yd..  3  Soo^yd.  acows.  ia5  hi 
Ladder  dredge.  3  soo-yd.  acowi.     laj  horse-pi 


s  and  length  of  pipe  line  In  feet. 
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The  suction  dredge  is  essentially  an  American  tool,  and  has  reached 
a  high  state  of  development  on  almost  entirely  a  practical  basis, 
though  theoretical  considerations  are  receiving  more  attention  than 
formerly.  While  it  is  stated  above  that  a  20-inch  machine  is  the 
best  for  all-around  purposes,  those  as  small  as  12  inches  are  very 
often  used  as  a  makeshift,  and  in  soft  material  get  out  as  high  as 
100,000  cubic  yards  per  month.  With  a  larger  size  than  20  inches 
there  is  trouble  in  stiff  digging  to  cut  as  much  material  as  can  be 
pumped  away,  so  that  the  larger  sizes  can  be  said  to  be  of  greater 
service  only  in  case  the  material  is  comparatively  soft,  or  with  a  shorter 
pipe  line  where  the  material  is  not  of  the  softest.  The  20-inch 
machines  constructed  and  used  by  the  author  were  of  the  type  shown 


Fio.  347. — Panama  Canal  Suction  Dredge. 

in  Figs.  247  and  248.    The  dredge,  Fig.  247,  was  constructed  by  the 
Ellicott  Machine  Co.  for  work  on  the  Panama  Canal. 

The  machine  is  of  the  ordinary  type  with  a  round-nose  aitter, 
and  a  single  centrifugal  pump  which  is  directly  connected  to  a  triple- 
expansion  engine  similar  to  the  compound  one  shown  in  Fig.  249 
for  the  sea-going  dredge  GahesUm.  although  the  author  usually 
prefers  a  compound  engine  with  a  ratio  of  between  2\  and  2J  between 
the  high-pressure  and  the  low-pressure  cylinders  for  a  20-inch  machine, 
as  there  will  then  be  little  difference  in  the  economy  of  the  two 
where  the  steam  pressure  is  from  170  to  200  pounds  per  square  inch, 
and  the  compound  engine  will  have  a  less  number  of  working  parts 
to  care  for,  and  consequently  a  greater  running  time  will  be  devel- 
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oped  by  the  plant,  on  account  of  less  stoppage  for  repairs,  which 
is  one  of  the  biggest  items  to  look  after  in  a  plant  of  this  kind. 

The  machine  is  kept  into  the  cut  by  wire  ropes  running  out  to 
piles  or  anchors  on  either  side  of  the  bow,  or  from  the  end  of  the 
ladder,  operated  by  winding  machinery  placed  on  the  upper  deck 
forward  as  shown,  and  controlled  from  the  pilot  house,  as  is 
all  the  rest  of  the  machinery  and  equipment.  The  machine  swings 
about  the  main  spud  aft  as  a  pivot,  and  is  moved  forward  into  a 
new  cut  by  dropping  the  wing  spud,  raising  the  main  one  and  swing- 
ing the  machine  around  until  the  main  spud  has  advanced  the 


Fig.  348. — Suction  Dredge  on  Pucet  Sound. 

required  amount,  when  it  is  again  dropped  and  the  wing  spud  pulled 
up.  Where  the  cut  is  a  shallow  one  a  leverman  must  watch  care- 
fully about  keeping  the  dredge  moved  up,  or  a  very  great  amount 
of  waste  will  occur  in  digging  too  long  a  time  or  too  deep  in  one  place. 
The  amount  to  be  <!redged  is  often  only  half  of  what  is  absolutely 
necessary  to  take  out  to  get  the  lightest  cut  possible.  The  ladder 
is  operated  through  a  well  or  recess  in  the  front  end  of  the  hull; 
these  ladders  are  constructed  up  to  70  feet  or  more  in  length,  and  a 
70-foot  ladder  will  operate  at  a  steep  enough  angle  to  make  a  cut 
to  a  depth  of  40  or  50  feet  below  the  water  surface.  The  ladder 
can  be  constructed  of  plate  girders  braced  together  where  the  dredge 
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is  to  be  used  in  still  water,  and  where  there  is  slight  current,  but  if 
the  dredge  is  to  be  used  in  moderate  or  swift  current,  the  ladder 
should  be  made  of  a  latticed  style  of  trussing,  which  will  not  offer 
so  much  obstruction  to  the  current.    The   cutter  shown  in  Fig. 


5 


I 


250  is  of  the  round-nose  type  and  best  suited  to  soft  materia),  but 
usually  the  ordinary  inward-delivery  cage  cutter,  Fig.  251,  is  to  be 
preferred,  especially  for  the  compact  ard  harder  materials.  The 
dredging  pump  is,  preferably,  of  the  type  where  the  face  of  the  pump 
can  be  easily  removed,  and  new  steel  lining  put  in  from  time  to  time, 
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as  gritty  material  cuts  it  out.  For  a  20-inch  pump  tlie  runner  should 
be  from  5  feet  6  inches  to  6  feet  6  inches  in  diameter,  and  should  be 
nm  at  about  180  to  220  revolutions,  or  so  as  to  give  a  peripheral 
speed  of  about  3800  feet  per  minute.  This  will  give  a  velocity  of 
discharge  on  a  ^ort  pipe  line  of  20  or  25  feet  per  second,  and  on  a 


Fig.  j 50.— Round-nose  Cutter  on  Suction  Ba»  Dsedge. 

long  pipe  line  of  from  15  to  18  feet  per  second.  The  pump  must 
be  firmly  bracketed  to  the  main  bed  connecting  under  the  engine, 
and  the  base  should  be  spread  enough,  or  have  a  sub-base  wide 
enough,  to  prevent  undue  vibration  of  the  machinery.  The  pump 
and  enrine  in  Fig.  247  are  placed  fore  and  aft  in  the  hull,  but  in  the 
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writer's  opinion  they  are  much  better  located  thwartships,  as  the 
vibrations  are  less,  and  repairs  more  easily  taken  care  of,  especially 
the  relining  of  the  pump.  The  engines  should  not  be  less  than 
i7X38X2o-inch  stroke,  giving  a  horse-power  of  from  600  to  800, 
owing  to  the  conditions  under  which  they  are  operated.  The  thrust 
of  the  pump  should  be  taken  up  by  a  regular  marine  thrust  bearing. 
The  cutter  engines  should  be  at  least  double  10X12,  geared  on  to 
the  cutter  shaft  through  the  axis  of  the  suction  pipe  in  the  hinge  of 
the  ladder  by  beveled  gearing;  the  whole  plant  to  be  operated  con- 
densing, with  independent  surface  condenser,  air-pump  and  centrif- 
ugal circulating  pump.  The  feed-water  pumps  should  be  in  dupli- 
cate, and  of  the  outside-packed  plunger  type.     The  electric-light 


Frc.  jsi.— Suction  Dredge  Cutteb.    Cage  Type. 

plant  is  usually  of  a  direct-connected  type,  and  sufficient  to  supply 
lights  to  the  entire  dredge,  and  to  a  search-light  of  3000  c.p. 

The  boiler  plant  consists  of  four  Scotch  marine  boilers,  to  give  200 
pounds  of  steam.  The  ordinary  marine  boilers  are  of  a  size  based 
on  2J  or  3  square  feet  of  heating  surface  per  horse-power,  but  the 
author  prefers  to  figure  up  the  entire  horse-power  required  for  oper- 
ating the  dredge,  and  to  put  in  the  Scotch  boilers  on  the  basis  of  6 
square  feet  of  heating  surface  per  horse-power,  so  as  to  have  them 
amply  large.  Boilers  of  the  Heine  type  are  usually  to  be  preferred, 
although  it  would  then  be  well  to  allow  7  or  8  feet  of  heating  surface 
per  horse-power.     Dredge  boilers  of  this  kind  are  shown  in  Fig.  252. 

The  hull  of  this  machine  is  of  steel  throughout,  with  three  trans- 
verse water-tight  bulkheads,  and  stiffened  by  two  fore-and-aft  bulk- 
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heads  ranning  the  full  length  of  the  hull.  The  hull  of  the  dredge 
King  Edward,  for  the  Department  of  Public  Works,  of  British 
Columbia,  was  constructed  with  a  steel  frame,  Fig.  253,  and  sheathed 
with  plank  bolted  on,  and  calked  as  is  usual  for  a  wooden  hull.  The 
hull.  Fig.  247,  is  40X150X10  feet  6  inches  deep,  although  many  hulls 
for  20-ineh  dredges  are  constructed  as  small  as  38X135X9  or  10 
feet  deep,  especially  where  the  quarters  for  the  crew  are  left  off. 
Where  the  hull  is  constructed  of  wood,  it  may  be  built  either  with 
heavy  side  timbers,  or  with  frames  planked.  Solid  transverse  and 
longitudinal  bulkheads  may  be  used,  or  steel  trusses  thoroughly 


Ftc,  353.— Steel  Frame  Hull  for  Dredge  "  King  Edward." 

fastened  to  the  timber  work  substituted.  The  discharge  pipe  through 
the  hull  should  be  of  heavy  cast  iron,  and  theoretically  a-  greater 
efficiency  can  be  obtained  from  the  pump  by  making  it  about  23  inches 
in  diameter.  This  diameter  can  be  carried  through  the  ffoating 
pipe  line  if  desired,  or  reduction  made  to  20  inches  just  outside  of 
the  hull. 

The  connection  from  the  stern  of  the  dredge  to  the  floating  pipe 
line  is  frequently  made  with  a  ball-and-socket  joint,  although  the 
author  prefers  to  use  a  lo-ply  rubber  connection  30  inches  in  length. 
The  pontoons  for  carrying  the  floating  pipe  line  in  30-foot  sections 
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are  10X20X2.5  feet  in  size.  This  pipe  is  shown  in  detail  in  Fig. 
254,  and  is  connected  together  with  24-inch  rubber  sleeves  fastened 
on  with  two  clamps  at  each  end.  Lap-welded  pipe  is  often  em- 
ployed. Derrick  scows  must  be  provided  to  carry  a  long  section 
pipe  connecting  to  the  shore,  and  the  shore  pipe  in  16-foot  lengths 
constructed  as  shown  in  Fig.  255,  telescoping  together.  Sections 
of  curved  pipe  with  long  radius  should  be  provided  to  change  the 


Fio.  256. — Suction  Dredc.e  MAriNG  a  Fill. 

direction  of  the  pipe  line  on  shore.  Specially  constructed  valves  can 
be  used  for  changing  from  one  point  of  discharge  to  another.  The 
end  of  the  discharge  pipe  is  shown  in  Fig.  256,  and  a  small  platform 
of  plank  should  be  laid  under  the  end  of  the  pipe  to  receive  the  force 
of  the  stream,  and  sand-bags  used  to  direct  the  flow  as  desired. 

The  loss  of  head  in  20-inch  pipe  line  approximates  roughly  4 
feet  for  each  100  feet  length  of  pipe  hne,  as  shown  by  Table  XXXV; 
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and  at  varying  distances,  owing  to  the  conditions  of  the  parUculat 
work  in  hand,  it  becomes  necessary  to  provide  booster  pumps  in 
the  pipe  line,  and  by  this  means  material  can  be  easily  pwnped 
upward  of  two  miles. 

Should  it  become  necessary  for  the  engineer  to  employ  a  suction 
dredge  on  foundation  work,  it  will  be  well  to  make  a  contract  with 
a  reliable  finn  for  the  work  at  so  much  per  cubic  yard,  or  in  case  the 
work  is  such  that  it  cannot  be  handled  in  this  way,  at  so  much  per 
day  for  the  operation  of  the  dredge  and  equipment.    Only  on  very 


Fic,  357.— Pile  and  Plank  Bulkhead.* 

extensive  harbor  work  or  river  improvement  would  it  be  economical 
to  construct  such  a  dredging  plant,  as  the  cost  of  a  20-inch  outfit 
will  run  from  $130,000  to  $150,000  for  the  plant  complete. 

The  fill  can  be  carried  in  any  desired  direction  by  the  use  of  sheer 
boards,  and  can  be  retained  by  pile  and  plank  bulkheads.  Fig.  257, 
in  case  there  is  not  too  much  mud  in  the  material.  In  case  the  mud 
causes  trouble  by  breaking  out  under  the  bulkhead,  sand-bags  can 
be  used"  to  stop  the  holes,  or  a  layer  of  brush  placed  in  the  first 
instance  underneath  the  bottom  layer  of  plank.  Tn  filling  large 
portions  of  the  i  zoo  acres  of  the  Elliott  Bay  Tide  Flats  at  Seattle, 

*  High  piles  to  have  timber  dvadmen   ur  wEre  ropes  to  anchor  piles. 
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Fio.  259.— Hopper  Dredce  "Miguel  Cauion." 


Fig.  360.— Egyphan  Suction  Dredge  "ABonitni," 
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Fig.  258,  the  author  used  the  pile-and-plank  bulkheads  for  interior 
locations,  and  the  bulkhead  for 
the  outside  was  made  with  fir 
brush  running  from  12  to  20  feet 
in  length,  with  4-tQch  butts  and 
under.  Two  rows  of  piling  were 
driven  where  the  bulkhead  was 
to  be  placed,  and  the  brush  piled 
in,  butts  outward  and  on  a  one  to 
one  slope.  This  was  built  up  in 
layers  to  keep  pace  with  the  eleva- 
tion of  the  fill,  and  practically  none 
of  the  material  was  lost. 

The  rough  surface  of  the  bulk- 
*.  head  formed  by  the  butts  of  the 
I  brush  works  admirably  in  rough 
g  water,  the  waves  breaking  up 
J  against  it  and  falling  dead.  This 
a  work,  comprising  upward  of 
8  2o,oc»,ooo  cubic  yards,  was  carried 
a      out  at  a  figure  of  18.4  cents  per 

cubic  yard  in  place. 
i  The    dredge    Miguel   Calmon, 

^      shown    in    Fig,    259,  fitted  with 
J      ladders    and    cutters,    discharges 
J.      into  a  hopper,  and   this  hopper 
'S      can  also  be  emptied  by  the  pump 
a      of     the     dredge.       "Die     dredge 
Aboukir    (Fig.    360)    is    arranged 
to   dredge    from    the  bottom   or 
to  pump  out  scows  alongside,  and 
deliver    the    material   on    shore. 
Large   sea-going  dredges    of    the 
hopper  type   are  well  illustrated 
by  the  Galveston    (Fig.  261),  de- 
scribed by  T.  M.  Corabrooks  in 
a    paper    before    the    American 
Society  of  Naval    Architects    as 
follows;     "  During  the  past  five 
years  the  engineers'  department. 
United    States   army,  have    con- 
tracted for  a  number  of  sea-going  suction  dredges.    These  have 
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been  of  varying  sizes,  ranging  from  i66  feet  to  300  feet  long,  the 
capacities  of  bins  ranging  from  1000  to  3000  cubic  yards.  As  the 
design  of  all  these  dredges  has  been  similar,  the  description  of  one  will 
apply  to  all.  The  latest  dredge  is  the  Galveston,  just  completed  at 
the  works  of  Maryland  Steel  Company,  Sparrow's  Point,  Maryland. 
As  will  be  seen  by  the  plate  the  dredged  material  is  carried  in  two 
large  bins,  one  forward  and  one  aft  of  the  machinery  space. 

"  In  operating,  the  dredge  is  kept  moving  forward  at  a  speed  of 
about  6  knots,  with  the  suction  pipes  dragging  on  the  bottom.  The 
material  is  sucked  up  by  ao-inch  centrifugal  pumps  (Fig.  349)  and 
discharged  into  bins,  through  pipes  and  distributing  chutes  on  top 
of  bins.  By  means  of  gates  in  the  bottom  and  sides  of  these  chutes 
it  is  possible  to  distribute  the  material  evenly.  As  the  bin  fills  the 
water  is  drained  off  by  overflow  through  the  sides.  When  the  bins 
are  filled  the  dredge  proceeds  to  the  dumping  grounds  and,  opening 
the  gates  in  the  bottom,  drops  the  material.  The  gates  are  operated 
by  means  of  a  double-cylinder  vertical  engine  through  worms  and 
fixed  nut  on  vertical  rods. 

"  The  officers  and  crew  have  commodious  quarters  in  houses  on 
deck  and  on  the  lower  deck  forward  and  aft. 

"  The  propelling  machinery  consists  of  two  compound  engines, 
steam  for  which  is  furnished  by  four  single-ended  boilers. 

"  In  trying  these  dredges,  we  have  discovered  that  a  very  large 
rudder  is  necessary.  This  we  ascribe  to  the  shafts  being  so  far 
outboard  and  the  extreme  fullness  of  the  after  body," 

No  further  discussion  will  be  given  of  sea-going  suction  dredges, 
as  they  can  seldom  be  employed  in  any  way  in  foundation  work.  ' 
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TUGBOATS  AND   SCOWS 

The  use  of  tugboats  and  scows  on  large  foundation  works  has 
been  referred  Lo  in  various  other  chapters  in  this  book,  but  as  the 
published  information  on  the  subject  is  very  fragmentary  and  scat- 
tered, it  will  be  of  value  to  collect  the  data  together,  and  give  such 
general  information  as  the  engineer  should  be  possessed  of  to  prop- 
erly handle  and  take  care  of  such  plant. 

\STiile  it  is  often  possible  on  large  work  to  save  money  by  con- 
structing such  equipment,  and  afterward  getting  as  much  out  of 
it  in  salvage  as  possible,  it  is  very  often  more  convenient  to  buy 
launches,  tugboats,  and  scows  second-hand,  and  save  considerable 
first  outlay;  although  to  do  this  intelligently  the  engineer  must 
have  sufficient  knowledge  of  the  subject  to  place  a  proper  valuation 
upon  such  floating  plant. 

The  economy  of  small  gasoline  launches  for  running  arotmd  over 
the  work,  and  carrying  small  supplies,  makes  one  or  more  boats  of 
this  kind  an  absolute  necessity  on  large  work.  If  constructed  suffi- 
ciently large  and  heavy,  they  will  be  of  service  in  taking  the  men  out 
to  the  work,  and  in  handling  small  scows,  pile-drivers,  piling,  or  any- 
thing else  in  the  way  of  towing  that  comes  within  the  capacity  of 
the  launch.  For  the  purpose  of  simply  superintending  the  work,  or 
carrying  small  supplies^  a  launch  from  20  to  25  feet  in  length,  with 
a  6-  or  8-horsc-power  gasoline  engine  giving  a  speed  of  eight  or  ten 
miles  per  hour  will  be  all  that  is  required.  Such  a  launch  may  often 
be  picked  up  for  a  few  hundred  dollars,  or  can  be  constructed  new 
for  $500  or  $600. 

The  launch  shown  In  Fig,  262  is  of  a  very  handy  size,  being  21 
feet  9  inches  in  length,  and  4  feet  1 1  inches  beam.  The  boat  has 
a  raised  turtle  deck  for  9  feet  back  of  the  bow,  being  carried  farther 
back  than  is  shown  in  the  plan,  in  order  to  cover  the  gasoline  motor, 
and  still  give  room  enough  to  work  underneath.  The  engine  is  a 
3-cylindcr  1 2-horse-power  Ferro,  operating  a  isX20-inch  3-bladed 
Hyde  propeller  up  to  970  revolutions  per  minute,  which  makes  it 
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posMble  to  run  the  boat  a  little  better  than  15  miles  per  hour,  this 
being  fast  enough  for  all  practical  purposes.  The  equipment  of 
the  boat  is  probably  the  most  complete  of  any  of  her  size  on  the 
Pacific  coast,  including  as  it  does  the  motor  with  a  Bosch  dual  magneto, 
rear  starting  device,  clutch,  Gray-Hawley  whistle  outfit  (which 
also  furnishes  pressure  to  the  gasoline  feed),  two  gasoline  tanks 
with  gage  to  show  the  level  of  the  fuel  in  the  tanks,  water  separator 
on  the  gasoline  line;  electric  lights  and  running  lights,  i4.-inch 
search-light,  cigar  lighter  (all  supphed  by  Eklison  new-type  storage 
battery);  Rochester  auto  wheel  and  controls,  power  bilge  pump. 
Ever-ready  tachometer  giving  R.P.M,  of  engine  on  bulkhead,  suc- 
tion ventilator  on  deck,  Kenyon  cushions,  glass  wind  shield  and 
spray  wings,  2-inch  Dirigo  compass,  fire  extinguisher,  complete  set 
of  tools  in  racks  to  fit,  rubber  matting  on  fioors,  three  andiors  and 
lines,  and  lo-foot  tender.  All  fittings  are  of  bronze,  bxass  and 
copper.  The  outfit  of  course  would  not  need  to  be  so  elaborate  or 
expensive  for  ordinary  work. 

Gasoline  tugs  have  become  very  popular  for  small  towing,  inas- 
much as  they  can  be  handled  by  one  licensed  man  acting  as 
captain  and  engineer,  when  the  levers  for  controlling  the  et^ine 
are  carried  into  the  pilot  house.  Where  there  is  considerable  tow- 
ing to  do,  he  will  need  the  assistance  of  one  or  two  deckhands.  The 
gasoline  tug  Ohio,  Fig.  263,  constructed  for  the  author  on  the 
rock  work  described  in  Chapter  XXIV,  is  the  handiest  boat  of  the 
kind  that  could  be  desired  around  contract  work.  The  line  drawings 
of  this  tug  are  shown  in  Fig.  264,  and  the  general  dimensions  of  the 
boat  are  36  feet  in  length,  10  feet  beam,  and  5  feet  depth  of  hold, 
with  a  draft  of  3J  feet.  It  is  operated  by  a  3  2 -horse-power  gasoline 
engine,  and  is  heavy  enough  to  handle  400-ton  loaded  scows  around 
the  work,  and  will  handle  a  250-ton  scow  on  a  20-  or  30-mile  tow. 
The  hull  has  a  high  bow  and  freeboard  forward,  and  raised  deck 
over  the  engine  room,  which  is  forward,  thus  giving  head  room.  The 
house  is  large  enough  to  shelter  8  or  10  workmen  in  bad  weather, 
and  there  is  a  roomy  afterdeck,  with  the  tow-bitts  placed  just  aft 
the  house.  With  heavy  frames  and  planking  the  boat  would  readily 
carry  a  so-horse-power  gasoline  engine,  adding  greatly  to  the  towing 
capacity.  Running  light  the  boat  will  make  10  or  12  miles  per  hour. 
The  cost  complete,  ready  for  operation,  was  approximately  $2500. 

The  5S-foot  gasoline  tug  shown  in  Figs.  265  and  266  is  described 
in  the  Pacific  Motor  Boat:  "  A  substantial-looking  work  boat,  the 
Bamberton,  recently  built  to  the  designs  of  Messrs.  Morris,  Bulkeley 
&  Halliday  at  the  yards  of  the  Hinton  Electric  Company,  Victoria, 
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for  the  Portland  Cement  Construction  Co.,  Ltd.,  of  Bamberton, 
Tod  Inlet,  Vancouver  Island,  has  just  been  placed  in  commission 
by  that  company.  Her  leading  dimensions  are:  Length  over  all, 
55  feet;  length  on  water-line,  50  feet;  beam,  12  feet  6  inches;  depth, 
molded,  5  feet  6  inches;  and  draft,  4  feet  6  inches. 

"  The  vessel  is  required  for  towing  scows  from  the  quarries  to 
the  cement  works,  a  distance  of  about  4  miles,  and  the  waters 
in  Tod  Inlet  being  in  some  parts  shallow,  the  draft  was  limited  to 
4  feet  6  inches. 


Fig.  263. — Gasoline  Tug  "Ohio." 

"  Referring  to  the  plan  it  will  be  seen  that  the  engine  is  located 
amidships  in  a  spacious  engine  room  between  water-tight  bulkheads; 
the  accommodation  for  the  crew  of  two  men  is  under  die  raised  deck 
forward  and  it  will  be  noticed  that  it  is  very  commodious  and  com- 
lortable;  abaft  the  engine  space  is  provided  ample  room  for  stowing 
gear  and  stores. 

"  The  machinery  consists  of  an  80-horse-power  Union  gasoline 
engine,  pf-inch  bore  by  loj-inch  stroke,  running  at  310  R.P.M., 
of  the  open  cross-head  type,  and  it  is  fitted  with  the  Union  Gas  Engine 
Company's  new  intake  pipe,  by  means  of  which  it  is  possible  to 
operate  successfully  on  cheap  grades  of  fuel.    The  propeller  is  the 
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well-known  Hyde  turbine  pattern,  44  inches  in  diameter  by  48 
inches  pitch;  the  gasoline  tank  is  placed  under  the  pilot  house  in  a 
sealed  chamber  just  above  the  deck  line  and  is  fitted  with  a  drain 
leading  overboard. 

■"  Exhaustive  trials  have  been  carried  out  with  the  vessel  to  test 
her  speed  and  seaworthiness  before  she  was  taken  over  by  the  company 
and  all  through  she  has  more  than  fulfilled  the  expectations  of  the 
owners  and  their  consulting  naval  architects,  a  speed  of  10.7  miles 
per  hour  being  obtained  without  forcing  the  engine  while  the  vessel 
was  running  in  a  heavj'  sea." 

The  tugboat  Crowley  ?fo.  21  is  described  in  the  Pacific  Motor  Boat 
as  follows:  "  One  of  the  late  additions  to  the  Crowley  launch  & 
Towboat  Company  is  the  Crowley  No.  si  and  her  plans  wilt  show 
that  she  was  built  for  towing  only,  every  feature  of  her  design  and 
arrangement  tending  toward  efficiency  and  handiness  in  this  respect, 

"  The  Crowley  No.  2i,  was  designed  by  D.  W.  &  R.  Z.  Dickie 
of  San  Francisco  and  built  by  W.  G.  Tibbets  &  Co.,  of  Alameda. 
The  features  of  the  new  law  which  restricts  length  rather  than  tonnage 
was  taken  advantage  of,  and  she  was  given  30  inches  of  freeboard 
instead  of  20  inches  or  less  as  was  the  case  in  boats  built  under  the 
old  is-ton  law,  which  makes  her  dry  in  rough  weather. 

"  Some  of  the  new  features  were  a  towing  bitt  with  a  9-inch 
saddle  in  order  to  save  expense  in  lines,  also  a  cast-iron  riding  bit 
forward  with  a  power  capstan.  In  order  to  meet  the  requirements 
of  the  Board  of  Marine  Underwriters,  a  6-inch  '  Dow  '  centrifugal 
pump  was  installed  which  is  arranged  to  engage  the  flywheel  and 
can  be  used  to  flood  or  pump  out  a  vessel. 

"  The  two  main  fuel  tanks  hold  about  400  gallons  of  fuel  each  and 
are  built  according  to  the  rules  of  the  U.  S.  Boiler  Inspectors  and 
equipped  with  an  air-pressure  attachment  which  forces  the  distillate 
from  the  large  tanks  to  the  small  tank  in  the  forecastle  for  gravity 
feed. 

"  A  low  house  covers  the  engine,  and  a  large  roomy  pilot  house 
shelters  the  operator  and  also  provides  a  bed  in  case  of  a  long  tow. 
This  is  done  by  folding  out  the  seat  and  taking  out  the  bedding 
from  under  it.  The  windows,  door  and  skylight  are  glazed  with 
^-mch  French  plate  glass.  A  complete  system  of  ventilation  is 
installed  to  prevent  the  accumulation  of  gas  in  any  part  of  the 
huU. 

"  A  complete  auto  control  system  is  fitted  on  a  stand  in  the  pilot 
house  which  steers  the  boat  and  controls  the  engine,  both  the  spark 
advance  and  governor  being  led  to  this  point. 
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"  The  Crowley  No.  21  is  of  the  model  known  as  the  straight 
stem,  elliptical  stern,  with  a  chock  at  the  bow  and  stem  and  a  log 
rail  all  around.  The  guard  is  heavy  and  is  faced  with  J  X  5-inch  iron 
all  around  the  boat.    The  dimensions  are  as  follows: 

Length  over  all 50'    5" 

Length  from  the  rabbet  of  the  stem  to  back  of  the  stem  post 

at  the  shaft 41'  ii^" 

Beam  over  plank  at  deck 14'     i" 

Draft  forward  at  the  forefoot 3'  10" 

Draft  aft  at  stempost 6'   "o" 

Freeboard  at  lowest  point  of  sheer 2'    4" 

Sheer  forward 3'  10" 

Sheer  aft loj" 

Depth  of  hold s'     2" 

"  The  motive  power  of  the  Crowley  No.  2j  is  an  80-horse-power 
3-cylinder  Union  gas  engine  with  cylinders  9I  inches  diameter  and 
12-inch  stroke,  fitted  with  a  patent  heater  on  the  intake  pipe  made 
by  the  Union  Gas  Engine  Company  of  San  Francisco,  which  gives 
greatest  elasticity  to  the  control  of  the  engine;  the  revolutions  of 
the  engine  can  be  reduced  to  42  turns  without  stopping,  also  the 
engine  can  be  run  on  low-grade  fuel. 

"  The  Crowley  No.  22  is  57  feet  o  inches  over  all,  14  feet  o  inches 
beam  molded,  and  16  feet  o  inches  over  the  guards,  with  a  draft 
aft  of  6  feet  3  inches  at  the  stempost.  Her  deck  line  is  very  full 
forward  and  wide  aft  in  order  to  give  large  deck  space  for  passengers 
or  freight. 

"  She  is  equipped  with  a  j-cylinder  loo-horse-power  Union 
engine  with  cylinders  12-inch  bore  by  15  inch-stroke,  turning  300 
revolutions  per  minute.    In  arrangement  she  is  similar  to  No.  21." 

The  engines  for  boats  of  this  class  have  reached  a  high  state  of 
development,  and  are  as  reliable  as  automobile  engines.  The  engines 
of  the  two-cylinder  type  are  shown  in  Fig.  267,  and  the  dimensions 
given  in  Table  XXXVI.  Four-cylinder  engines  are  shown  in  Fig. 
268,  and  the  dimensions  given  in  Table  XXXVII,  which  will  cover 
as  large  sizes  as  are  often  used  around  contract  work.  The  engine 
room  of  a  twin-screw  gasoline  boat,  constructed  by  the  author  for 
use  on  Puget  Sound  is  shown  in  Fig.  269. 

The  selection  of  propellers  for  motor  boats  is  one  of  the  most 
important  features  to  take  care  of,  and  is  fully  covered  in  a  paper 
by  Alfred  J.  C.  Robertson.     "  The  necessity  of  having  the  proper 
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size  and  design  of  propeller  on  gasoline  boats  is  really  much  more 
important  than  on  steamboats,  as  in  the  latter,  if  the  propeller  is 


Fic.  167. — Gasoline  Tug  Engine,  Two  Cylinder. 


Fig.  a68.— Gasoume  Tuc  Engine,  Fouii  Cylinder. 

too  large  it  of  course  reduces  the  revolutions  of  the  engine,  but  the 
steam  pressure  may  usually  be  increased  and  the  power  of  the 
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engine  will  be  maintained,  but  in  the  former  case  if  the  revolutions 
are  reduced  the  power  is  reduced  at  least  as  much  in  proportion, 
and  with  this  reduction  of  the  power  of  the  engine  the  revolutions 
again  come  down,  This  loss  in  power  is  altogether  distinct  from  the 
loss  of  efficiency  due  to  a  badly  designed  screw,  a  loss  which  may 
occur  even  when  the  engine  maintains  its  full  rated  power. 

"  These  two  losses  together  make  it,  therefore,  most  important 
to  use  your  engine  power,  that  the  propeller  fitted  should  not  be  too 


Fic.  269. — Engine  Room  of  Twra-ScREw  Gasoline  Dispatch  Boat. 

large  or  too  small  in  diameter,  and  that  the  pitch  and  surface  of  the 
blades  should  be  carefully  calculated. 

"  There  are  an  infinite  number  of  ways  in  which  a  propeller  could 
be  varied,  and  the  cost  of  testing  these  on  a  boat  would,  to  say  the 
least,  be  colossal,  so  that  the  most  valuable  information  we  have 
to-day  has  been  obtained  by  testing  small  models  in  a  tank,  and 
discovering  the  law  of  comparison  by  applying  these  results  to  full- 
size  propellers. 

"  Such  tests  have  been  carried  out  chiefly  by  T).  W.  Taylor,  of 
the  United  States  Experimental  Department,  and  by  R.  E,  Froude, 
Esq.,  of  the  British  Admiralty. 

"  Mr.  Taylor  has  published  a  large  number  of  results  of  such 
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trials,  but  Mr.  Froude  has  gone  a  step  farther  and  has  enunciated  a 
law  which  governs  the  propeller  results,  and  this  law  is  expressed 
by  the  formula: 

.  S(i-.o&S) 


T.H.P.= 


144  P  310.9(1-5)= 


Where  T.H.P.  =  Actual  thrust  of  propeller  expressed  in  horse-power; 
D  =  Diameter  of  propeller  in  inches ; 
F  =  Speed  of  advance  of  propeller  through  the  water; 
B  =  Blade  factor,  varying  with  the  area  of  blade  surface; 

„    ^.    ,        .      ,      -    Pitch 

P  =  Pitch  ratio,  that  is  =- ; 

Oiam. 
5  =  Effective  slip  ratio  {not  the  usually  observed  slip). 

"  Now,  though  this  formula  of  Mr.  Froude's  is  very  simple  and 
may  easily  be  worked  out  by  arithmetic,  unfortunately  with  the 
exception  of  D  every  term  in  the  formula  has  to  be  modified  to  suit 
the  special  purpose  to  which  it  is  to  be  applied. 

"Let  us  see  what  these  modifications  are:  T,H.P.,  or  thrust- 
horse-power,  expresses  the  actual  push  forward  that  the  propeller 
gives  the  boat  and  is  less  than  the  brake-horse-power  by: 

"  (i)  The  loss  in  efficiency  of  the  propeller  itself.  This  will  be 
from  25  to  40  per  cent. 

"  (2)  The  loss  due  to  friction  in  stem  bearings  and  thrust  block, 

"  (3)  The  loss  due  to  the  fuction  of  the  propeller  upon  the  boat. 
The  total  loss  of  power  from  these  three  causes  amounts  to  from 
40  to  60  per  cent,  of  the  brake  horse-power,  so  that  the  T.H.P,  is 
approximately  half  of  the  B.H.P. 

"  V,  the  usual  symbol  for  speed  in  knots,  in  the  formula  refers 
to  the  advance  of  the  propeller  through  the  water,  but  this  is  nearly 
always  less  than  the  speed  of  the  ship  in  knots,  because  when  a  boat 
is  under  way  it  draws  the  water  after  it,  to  a  certain  extent,  and  this 
wake  may  reduce  the  speed  of  advance  of  the  propeller  by  25  or  30 
per  cent,  even,  though  usually  the  wake  reduction  is  somewhat  less 
than  that. 

"  B,  the  blade  .factor,  varies  from  about  .10  to  about  .13,  the 
former  being  for  very  narrow  blades  and  the  latter  for  wide,  broad- 
tipped  ones. 

"  P,  the  pitch  ratio,  is  about  10  per  cent  greater  than  the  nominal 
or  face  pitch  ratio  (pitch -=- diam.)  because  the  actual  effective  pitch 
is  affected  considerably  by  the  shape  of  the  back  of  the  blade,  a  thick 
blade  producing  an  increase  of  effective  pitch. 
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"  5,  the  slip  ratio,  is  subject  to  the  same  correction  as  V,  the 
speed,  the  actual  slip  being  much  greater  than  the  apparent  slip, 
due  to  the  wake  of  the  boat. 

"  For  motor  cruisers  such  as  the  average  boat  around  the  Coast, 
the  corrections  necessary  for  propeller  suction,  shaft  friction,  wake, 
blade  width  and  blade  thickness  are  practically  constant,  and  all 
these  corrections  can  be  incorporated  in  a  new  formula,  but  we  can 
only  approximate  the  propeller  efficiency,  as  this  varies  somewhat 
with  variation  of  pitch. 

"  Approximating  this  propeller  efficiency  and  including  the  suit- 
able corrections  for  wake,  etc.,  our  formula  will  read : 

B.H.P.-5!Zix'^X^=:°^. 

372000     F       {i-sy 

"  S,  the  slip  percentage,  being  obtained  by  the  formula: 


"  Let  us  work  out  a  couple  of  examples  from  these  formulce: 
"  Suppose  we  have  a  propeller  of  24  inches  diameter,  with  a 
pitch  ratio  of  .80,  which  gives  an  effective  pitch  of  19.2  inches  with 
three  blades  of  average  width,  what  horse-power  would  it  require 
to  drive  it  750  revolutions  at  a  ship's  speed  of  8}  knots. 
"  First,  let  us  find  out  what  the  slip  would  be: 

7S0X.8X24      '"  ' 


-  -034) 


•S7S' 


B  H  P  .S76X6,.X",8_X4i5A<)66.      „j 
3720ooX.8X.S7SX.S7S 
It  we  take  the  same  propeller  with  a  pitch  ratio  of  .60  we  will  have 

730X.6X24      '  •>■> 

Then 

1.  H  i>  _5ZiX<i.2X2j^X.^X.582_ 
I 
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thus  showing  that  any  change  in  pitch  ratio  will  make  quite  a  serious 
difference  in  the  power  of  the  propeller. 

"  While  this  formula  will  give  the  power  required  to  drive  any 
known  propeller  at  a  required  speed,  it  is  of  great  value  also  in  that 
it  indicates  how  changing  diameter,,  pitch,  etc.,  changes  the  power 
absorbed  by  the  propeller." 

Where  it  is  necessary  to  use  lai^er  towboats  than  50  horse-power, 
it  is  very  often  advisable  or  necessary  to  use  a  steam  tug.  The 
Miami,  used  by  the  author  for  eight  or  ten  years  on  Puget  Sound, 
is  shown  in  Fig.  270,  and  is  shown  in  plan  in  Fig.  271.  This  boat 
is  equipped  with  a  fore-and-aft  compound  engine  loXzoXioJ  inch 
stroke,  giving,  with  150  pounds  boiler  steam  pressure  about  60  horse- 


Fic.  iyo.— Steam  Tug  "  MrAiii." 

power.  The  auxiliaries  consist  of  air-pump,  circulating  pump,  hot 
well,  boiler-feed  pump,  and  an  outside  pipe  condenser  shown  in  Fig, 
272.  The  pipe  used  is  galvanized,  and  has  to  be  renewed  every 
year  or  so,  so  it  is  better  to  employ  an  inside  surface  condenser  of 
the  type  described  in  the  succeeding  pages.  The  boiler  is  a  Clyde 
boiler  72  inches  in  diameter,  and  q  feet  in  length,  with  approximately 
540  square  feet  of  heating  surface.  A  water-tube  or  pipe  boiler 
sufficient  to  furnish  steam  for  the  engine  on  this  tug  would  have  a 
heating  surface  of  840  square  feet,  and  a  grate  area  of  24.35  square 
feet.  Such  a  boiler  would  carry  250  pounds  of  steam,  and  would 
weigh  13,000  pounds,  or  with  the  water  14,227  pounds,  and  will 
cost  about  $2  per  square  foot  of  heating  surface.    A  tugboat  of  this 
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kind  handles,  on  a  30-mile  tow,  3  loaded  scows  carrying  jcx)  tons 
each,  and  returns  the  same  distance  with  4  light  scows,  making  the 
round  trip  in  twenty-four  hours,  taking  account  of  tides. 

The  boat  running  light  will  make  about  8  or  9  miles  per  hour, 
or  from  3  to  5  miles  per  hour  with  a  tow,  carries  6  tons  of  coal,  1200 
gallons  of  water,  and  has  a  coal  consumption  of  about  200  pounds 
per  hour.    Such  a  boat  can  very  often  be  purchased  for  about  $7500, 


Fig.  171. — Plan  of  Steau  Tug  "Miami.' 


and  would  cost  new,  fully  equipped,  about  $11,000.  The  line  draw- 
ings for  a  tugboat  hull  75  feet  long  of  extra  heavy  construction  are 
shown  in  Fig.  273. 

The  building  of  timber  hulls  of  Douglas  fir  is  carried  on  very 
extensively  in  the  Puget  Sound  country,  and  a  steam  schooner  hull 
built  by  the  author  for  use  in  Pacific  Coast  trade  b  shown  in  Fig. 
274  with  the  frames  all  erected  and  in  Fig.  275  for  launching.     The 


I.— Outside  Condenser. 


cost  of  rigging  up  a  shipyard  for  such  work  is  comparatively  small, 
and  the  same  outfit  can  be  used  in  building  dredge  hulls  (Fig.  284), 
scows  or  tugs. 

The  two  new  tugs  built  for  the  Department  of  Wharves,  Docks  and 
Ferries  of  the  City  of  Philadelphia  have  been  delivered  by  the  builder, 
the  Waters-Colver  Company,  West  New  Brighton,  Staten  Island. 
These  tugs  were  built  complete,  including  the  engines  and  machinery. 
They  were  delivered  to  Philadelphia  the  opening  day  of  the  inside 
route  between  Philadelphia  and  New  York.  The  Kensington  is 
the  larger  of  the  two  tugs,  being  65  tons,  built  of  wood,  81  feet  long. 
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Fic.  J74.— Frame  of  Timber  Hull  in  Shipyard. 


I-iG.  273.— Timber  Hull  Rb-idy  for  LAUNcaiso. 
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20  feet  breadth  and  9  feet  depth.    She  is  equipped  with  a  com- 
[wund  fnrc-jind-aft  engine  12X26X1S  inches,  has  one  Scotch  boiler 


—Steeple  Compoum)  Tuge 


10  feet  6  inches  by  10  feet.     The  SouUiwark  is  a  42-ton  tug  con- 
structed of  wood,  66  feet  long,  16  feet  breadth  and  7  feet  depth  of 
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Fio.  177-^ — Fobe-and-Aft  Coupocnd  Tugboat  Engi^qqq|j^ 
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hold.  She  is  equipped  with  a  single  engine  14X14  inches,  with  one 
marine  leg  type  boiler  5  feet  6  inches  by  10  feet.  On  the  day  of 
the  trial  trip,  the  Kensington  developed  a  speed  of  13.9  miles  per 
hour,  much  exceeding  the  contract  requirement  of  X0.5  miles. 

Should  it  be  desired  to  equip  a  small  tugboat  with  a  compound 
steam  engine,  and  the  space  be  limited,  a  steeple  compound,  as  shown 
in  Fig.  276,  can  be  used.  This  is  a  vertical  tandem  compound,  with 
the  high-pressure  cylinder  vertically  over  the  low-pressure  cylinder. 
The  one  shown  in  the  illustration  is  7  X 14  X  8-inch  stroke,  and  with 
170  pounds  of  steam  would  develop  about  30  horse-power.  The 
ordinary  tugboat  engine  is  of  the  fore-and-aft  type,  the  one  shown 
in  Fig.  277  being  i2X25Xi6-inch  stroke,  and  with  170  pounds 
steam  pressure  will  develop  about  150  horse-power.  The  horse- 
power of  compound  marine  engines  may  be  calculated  from  Seaton's 
formulaj  giving  the  estimated  horse-power: 

EHP  _P^X"^^X^X-^ 
8500 

/>  =  Diameter  of  L.  P.  cylinder  in  inches. 
i'=Absolute  boiler  pressure  in  pounds. 
J?=Revolutions  per  minute. 
5=SUoke  in  feet. 

The  boiler  for  such  a  tug  can  be  of  the  water-tube  type  pre\'iousiy 
described,  or  preferably,  if  it  is  desired  to  have  the  very  best,  of  the 
regular  Scotch  marine  design,  Fig.  27S.  This  drawing  shows  clearly 
the  method  of  construction,  the  combustion  chamber,  and  the  water 
back.  The  details  of  Scotch  marine  boilers  from  6  feet  in  length  to 
10  feet  in  length  are  given  in  Table  XXXVill.  The  horse-power 
of  boilers  of  this  kind  is  usually  figured  on  the  basis  of  from  aj 
to  3  square  feet  of  heating  surface  per  horse-power,  although  the 
author  prefers  to  use  not  less  than  4  square  feet  per  horse-power  in 
order  to  have  the  boiler  plenty  large,  as  nothing  is  more  exasperating 
than  to  be  lacking  in  steam  in  an  emergency.  Where  oil  fuel  is  to 
be  used  the  grate  bars  are  omitted,  and  the  bottom  of  the  furnace 
lined  with  firebrick,  and  a  back  wall  of  the  same  kind  of  firebrick 
built  up  to  such  a  height  as  is  necessary  at  the  back  of  the  furnace 
to  insure  proper  combustion. 

To  arrive  quickly  at  the  approximate  heating  surface  of  a  small 
Scotch  marine  boiler  of  good,  design,  the  surface  of  tubes  may  be 
figured  up  and  25  per  cent,  added  for  the  balance  of  the  heating  sur- 
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face  in  the  boiler.  For  medium-sized  boilers  30  per  cent,  should 
be  added.  The  total  heating  surface  in  a  well-designed  Scotch  boiler 
should  run  approximately  zjV  square  feet  of  each  cubic  foot  of  the 


Fig.  178. — Scotch  Maeine  Boiler, 


size  of  the  boiler.  The  weight  per  cubic  foot  will  run  about  60 
pounds,  and  the  weight  of  the  water  will  be  about  30  pounds  per 
cubic  foot  of  the  entire  size  of  the  boiler. 


Fill.  379.— Clyde  ob  Dbv-back  Scotch  Boiler. 
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The  Clyde  boiler,  or  dry-back  Scotch  boiler,  is  shown  in  Fig, 
279,  and  the  data  for  such  boilers  from  about  4  to  10  feet  is  given 
in  Table  XXXIX.  The  water  space  at  the  back  of  the  ordinary 
Scotch  boiler  is  replaced  by  a  combustion  chamber  with  a  removable 
back,  which  has  an  asbestos  or  ^ebrick  lining. 

Tugboats  on  fresh  water  may  be  operated  non-condensing  if 
economy  is  not  fully  to  be  considered,  but  where  economy  is  taken 
account  of  or  on  salt  water,  such  machinery  is  of  the  condensing 
tjpe,  and  an  independent  surface  condenser  with  air-pump  is  shown 


Fic.  »8o.— Surface  Condenser  and  Aik-puup  for  Tugboat, 

in  Fig.  280.  A  hot  well  of  galvanized  iron  must  be  provided  and  a 
centrifugal  circulating  pump,  Fig.  281,  to  supply  the  necessary 
cooling  water.  Such  a  pump  should  also  be  connected  to  the  bilge 
to  keep  the  hold  dry,  and  to  supplement  the  ordinary  bilge-pump 
connected  to  the  front  end  of  the  engine  shaft. 

The  equipment  of  launches,  gasoline  tugs,  and  steam  tugs  must 
be  in  accordance  with  the  requirements  of  the  Government  Steam- 
boat Inspection  Service,  and  the  crews  of  the  size  required  by  law. 
The  number  of  men  called  for  on  a  tugboat  similar  to  the  Miami, 
Fig.  270,  is  for  a  single  crew,  a  captain,  engineer,  fireman,  and  two 
deck-hands,  when  the  boat  is  not  operating  more  than  thirteen 
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hours  per  day.  Boats  of  this  size  are  usually  equipped  with  a  galley 
for  feeding  the  crew,  and  in  such  a  case  the  cook  is  counted  as  one 
of  the  deck-hands.  Where  the  boat  is  to  be  operated  twenty-four 
hours  per  day,  a  mate  and  assistant  engineer  must  be  added  to  the 
crew,  making  a  total  of  seven  men.    llie  ordinary  rate  of  hire  for 


'Fig.  381. — Circulating  Pvup  for  Tugboat. 

such  a  boat  on  Puget  Sound  averages  about  $35  per  day,  and  will 
cost  for  operation  about  $2$  per  day  exclusive  of  repair  and  deprecia- 
tion, which  will  be  not  less  than  about  15  per  cent,  per  annum  on  the 
new  value  of  the  boat. 

Hulls,  boilers,  and  machinerj-  must  be  kept  in  the  best  of  condi* 
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lion  to  insure  steady  operation  and  to  pass  Government  inspection, 
which  is  very  severe,  and  at  least  once  a  year,  just  previous  to  inspec- 
tion and  again  in  six  months,  the  hull  should  be  pulled  out  on  marine 
ways  and  thoroughly  overhauled  and  given  two  coats  of  copper 
paint.  The  hull  above  water  and  the  upper  works  must  be  kept 
in  first-class  repair  and  well  painted,  or  in  "  ship  shape  "  at  aU  times. 

The  scows  or  lighters  used  on  contract  work  are  of  various  sizes, 
as  may  be  seen  by  reference  to  the  list  of  equipment  in  Chapters 
X  and  XI.  A  scow  such  as  was  used  on  the  work  described  in 
Chapter  X,  60  feet  long,  22  feet  beam,  and  5  feet  6  inches  deep, 
is  shown  in  Fig.  28a,  which  is  a  copy  of  the  working  drawings  used 
in  the  construction  of  a  number  of  scows  of  this  size,  at  a  cost  of  about 
$1650  each,  although  they  can  be  built  more  cheaply  by  cutting 
down  on  fastenings  and  calking.  Instead  of  the  longitudinal  cross- 
bracing  shown,  two  solid  bulkheads  of  6-inch  timbers  drift-bolted 
together  can  be  substituted  if  desired  to  spend  more  money  in  making 
the  scows  heavier  and  more  lasting.  In  place  of  the  transverse 
cross-bracing  natural  ship  knees  may  be  used. 

The  material  required  to  construct  a  scow  of  this  size  is  shown 
approximately  in  the  following  list: 

BILL  OF  LUMBER 


6"  X16" 

60' 

0" 

Strake  No.  i 

S.  tS. 

6     X.4 

S8 

0 

a 

6     X14 

S4 

3 

8     X16 

so' 

4 

i»     X18 

TroDsoms 

S.  I  S., 

ft     Xio 

11 

0 

Deck  Beams 

^8^- 

6     Xio 

40 

Det-k  Beams 

6     Xio 

50 

Keelsons 

6     Xio 

0 

Cross  Beams 

" 

6     Xio 

8 

RakE 

8X8 

S 

0 

Stanchions 

" 

II     Xu 

8 

Tow  Bitts 

S.4S. 

3     Xio 

9 

Brares,  foie  and  aft 

Rgh. 

3     Xio 

6 

0 

Brnces.  thwart  ship 

li   XiJ 

Deck  Plank 

S._4S. 

3i   XU 

13 

0 

Bolt  Flank 

3     Xio 

Guards 

J     Xio 

33 

Guards 

3     X  8 

18 

Guards 

3X8 

34 

0 

Guards 

" 

3X8 

Guards 

I     X" 

Sheeting 

S.  aS. 

I     X  6 

Filler 

a     X  6 

Filler 

3     X  6 

Filler 

" 

6     Xi3 

6 

Rake  Braces 

Kgh. 

3     Xia 

ij 

0 

Gunrd 

S.4S. 
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BILL  OF  IRON 

3° 

"  0 

31" 

Bulkhead,  3, 4 

D.  B.  Clincbed 

54 

0 

34 

Bulkhead  1 

D.  B.  Plain 

60 

16 

Bulkhead  3 

D.  B.  PUin 

60 

K.  &  D.  Beams 

D.  B.  Clinched 

K.  &  D.  Splices 

D.  B.  Clinched 

30 

0 

34 

Transoms 

D.  B.  Plain 

40 

18 

Rake  Braces 

D.  B.  Clinched 

0 

18 

Rake 

D.  B.  Clinched 

Rake 

D.  B.  Clinched 

48 

Stanchions 

Mac.  Bolts 

48 

IS)" 

Stanchions 

Mac.  Bdts 

16 

iS 

Tow  Bitts 

Mac.  Bolts 

16 

0 

18 

Tow  Bits 

Mac.  BdU 

70 

X12 

Stanchions 

Boat  Spikes 

900 

X  6 

Deck  PIk 

Boat  Spikes 

950 

X   7 

Bolt  PIk 

Boat  Spikes 

500 

X  7 

Guards 

Boat  Spikes 

300 

A  X  8 

Braces 

Boat  Spikes 

Ueg. 

20d 

Fillers 

Galv.  Spikes 

I  keg. 

lod 

Shecltng 

Galv.  Spikes 

700  sq.ft. 

P.  &  B.  Papu 

SO 

Clinch  Rings 

SO 

«" 

Clinch  Rings 

140 

i" 

Clinch  Rings 

140 

H" 

Clinch  Rings 

i6o 

i" 

Cut  Washers 

6  Gal. 

Copper  Paint 

6  Gal. 

P.  &  a.  Paint 

iBU. 

Pitch 

iBbl. 

Cement 

10  Bales 

Oakum 

Larger  scows  80  feet  in  length,  24  feet  beam,  and  6  feet  s  inches 
depth  are  fully  shown  in  Fig.  283.  llie  longitudinal  X  bracing 
is  to  be  added  on  the  sections  B,  or  6-inch  solid  longitudinal  bulk- 
heads substituted.  This  sized  scow  carries  about  200  yartts  of  rip- 
rap rock,  or  m  the  neighborhood  of  350  tons.  Scows  of  similar 
construction  30XQ0X9  feet  deep  are  about  as  large  as  can  be  used 
in  general  work.  Those  constructed  for  use  on  river  work  where 
there  is  little  liability  of  rough  water  are  often  made  much  shallower, 
and  of  lighter  construction.  A  large  scow,  30X90  feet,  built  by  the 
author,  Fig.  284,  is  shown  on  blocking  in  the  shipyard  and  nearly 
ready  for  launching. 

The  costs  given  in  Chapter  XI  are  very  low,  owing  to  the  prosdmity 
to  a  large  supply  of  cheap  timber,  and  the  cost  will  usually  run 
about  50  per  cent,  more  than  the  costs  given. 

The  grounding  of  scows  on  beaches,  and  other  rough  usage,  as 
well  as  ^e  inroads  of  the  teredo,  make  it  necessary  to  watch  such 
plant  very  carefully,  and  they  should  be  hauled  out  for  general  repairs 
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and  copper  painting  every  six  months  or  oftener.  Scows  can  be 
chartered  inmost  places  at  about  $125  per  month  for  a  22X60  scow, 
and  $150  a  month  for  a  24X80  scow. 

Heavy  derrick  scows  can  be  constructed  similar  to  the  clam-shell 
dredge  shown  in  detail  in  Fig.  223,  or  cheaper  rigs  can  be  constructed 
as  described  and  illustrated  in  Chapter  XXIV. 

The  usual  specifications  for  scows  are  practically  all  similar  to 
the  following  paragraphs,  which  cover  the  essenljal  points: 

Planking.  The  sides  are  to  be  planked  as  shown.  The  planks 
are  to  be  in  long  lengths.  There  are  to  be  no  more  than  three  pieces 
to  any  one  strake  in  the  entire  length  of  the  scow,  and  generally 
there  are  to  be  alternately  two  and  three  lengths  to  each  strake. 
The  planks  are  to  be  fastened  to  the  stanchions  with  j-inch  through 
fastenings  clinched  over  rings,  and  Jx8-inch  ship-spikes,  using 
one  through  fastening  and  one  spike  at  each  intersection,  and  at 
each  end  of  each  piece.  The  guards  are  to  be  as  shown,  and  are  to 
be  fastened  in  the  same  manner,  excepting  that  each  end  of  each 
piece  is  to  have  two  through  fastenings  and  the  spikes  are  to  be 
12  inches  long.-  Each  alternate  fastening  in  the  top  guard  timber 
is  to  .pass  through  the  shelf  strake.  The  bottom  planking  and 
guards  at  the  ends  are  to  be  similar  to  the  side  planking  and  are  to 
be  fastened  in  the  same  manner.  The  deck  planking  is  to  be  3  X 10 
inches,  as  shown,  fastened  to  the  beams  with  5^X6-inch  ship- 
spikes,  using  two  spikes  at  each  end  of  each  plank,  and  at  each  inter- 
section with  the  deck  beams.  There  ar&  to  be  at  least  four  deck 
beams  between  butts  in  adjoining  strakes,  and  at  least  four  strakes 
between  the  butts  on  a  beam.  All  holes  for  spikes  are  to  be  coun- 
ter-bored and  plugged. 

Boring  Holes. — The  holes  for  all  fastenings  are  to  be  bored  -^  inch 
smaller  than  the  iron  used,  ajid  all  drifts  are  to  be  cold  pointed. 

Surfacing. — The  keelsons  and  floor  beams  are  to  be  surfaced  one 
edge,  and  all  other  lumber  in  the  hull  is  to  be  surfaced  four  sides. 
The  dimensions  specified  or  shown  on  the  plans  are  for  the  timbers 
in  the  rough.  A  variation  from  these  sizes  of  i  inch  will  be  allowed 
for  all  planed  surfaces. 

Calking  Seams. — Calking  seams  are  to  be  provided  on  the  side, 
bottom  and  deck  planks.  They  are  to  be  so  made  that  after  the 
pieces  are  assembled  the  seams  in  the  side  and  bottom  planks  will 
be  \  inch  open  and  2  inches  deep,  and  the  seams  in  the  deck  planks 
will  be  A  inch  open  and  i^  inch  deep. 

Calking. — All  seams  in  the  side  and  bottom  are  to  have  four 
threads,  and  the  seams  in  the  deck  two  threads,  of  the  best  oakum. 
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evenly  spun  and  tucked.  The  oakum  is  to  be  well  horsed  after 
each  two  threads  have  been  put  in  place  and  must  fill  the  seams 
to  within  f  inch  of  the  surface  of  the  timber.  The  seams  below 
water-line  are  to  be  cemented  and  the  deck  seams  are  to  be  payed 
with  pitch  and  scraped.  Above  the  water-line  the  side  seams  are  to 
have  two  coats  of  white  lead  put  on  with  seam  brushes. 

Fastenings. — All  fastenings  are  to  be  of  the  best  quality  of  refined 
iron  or  soft  steel,  and  all  hull  fastenings  below  the  load  water-line  are 
to  be  galvanized.  Ship-spikes  are  to  have  smooth  edges  and  points. 
All  round  fastenings  arc  to  be  cold-pointed  before  being  driven. 

Painiing.— -The  sides  and  ends  of  the  hull  above  the  middle 
guard,  are  to  have  two  coats  of  paint  of  an  approved  brand  and  color. 
The  bottom  and  sides  below  the  middle  guard  are  to  have  two  coats 
of  copper  paint  of  an  approved  make,  and  appUed  just  before  the 
hull  is  ready  for  launchii^. 

Further  specifications  are  given  in  describing  the  hull  for  a  clam- 
shell dredge  in  Chapter  XVI,  and  in  Appendix  VII  for  the  Govern- 
ment pile-driver  hull. 

TABLE  XXXVI.— GASOLINE  TUG  ENGINES.    DOUBLE  CYLINDER. 


'Cyl». 

_ 
Bon. 

.„.. 

Utuil 

Weight. 

Price  P.  0.  B. 
San  Pranciica. 

H.P. 

Outfit. 

With 
Whiitle 
Outfit. 

SO 
6S 

I 

63 

61 

14 

400 
360 
330 
300 
280 
26a 

'A 

34 
38 
46 
50 

1400 

3000 
4300 

6150 
87SO 

$700.00 
875.00 

1  735. 00 
910-00 
1150.00 

1550.00 
1500,00 
3000.00 

TABLE  XXXVIL— GASOLINE  TUG  ENGINES.    FOUR  CYLINDER. 


H.F. 

No.  of 
Cyli. 

Bon. 
Inches, 

Inchs^ 

R.P.M. 

Prat^tller 

'i:^: 

6 

6i 

435 

18 

2.00 

51400.00 

3S 

6) 

7i 

375 

36 

S9OO 

iSoo 

00 

SO 

7! 

9 

35° 

40 

5000 

3500 

00 

75 
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CHAPTER  XX 
THE  FOUNDATION 

The  coffer-dam  is  only  the  means  of  reaching  a  desired  end, 
and  this  must  be  borne  in  mind  and  the  construction  made  as 
simply  as  possible  to  obtain  a  first-class  foundation. 

When  the  coffer-dam  is  completed  and  pumped  out,  work  can 
then  proceed  if  the  pumps  are  able  to  control  the  water  easily. 
The  character  of  the  foundation  having  been  previously  decided 
upon,  after  a  careful  examination  of  the  site,  it  is  assumed  that 
the  temporary  work  has  been  executed  in  a  manner  which  b  properly 
related  to  the  permanent  structure. 

The  different  kinds  of  bottom  likely  to  be  encountered  are: 
First,  light  sand  and  gravel  or  mud  of  unknown  depth;  second, 
similar  material  overlying  either  cemented  gravel,  clay,  hardpan, 
or  rock;  third,  a  clean  rock  bottom,  which  is  approximately  smooth 
and  level;  fourth,  a  sloping  rock  bottom,  which  is  either  smooth  or 
rough,  and  fifth,  a  rough  and  irregular  rock  bottom. 

Should  the  bottom  be  of  the  first  kind — light  sand  and  gravel 
or  mud  of  unknown  depth — the  soft  upper  layer  may  be  removed 
by  a  dredge  previous  to  the  building  of  the  dam,  or  it  may  be 
removed  by  a  dredge  or  grapple  from  within  the  inclosed  area, 
and  without  the  necessity  of  keeping  the  dam  pumped  out,  or 
pumpbg  may  be  kept  up  with  a  dredging-pump  and  the  light  material 
removed  in  this  way,  after  which  the  heavier  material  may  be 
removed  as  deep  as  necessary  by  hand-shoveling  and  a  dirt-box, 
as  shown  in  Fig.  56.  In  such  a  bottom  the  foundation  is  usually 
made  by  driving  piles  from  2  to  4  feet  centers,  this  distance  bemg 
regulated  by  the  bearing  power,  as  determined  from  Wellington's 
formula  in  Chapter  IV,  and  building  upon  the  tops  of  the  piles, 
after  they  have  been  cut  off  to  a  level  below  low  water,  a  grillage 
of  timber.  The  space  between  the  piles  should  be  filled  with  broken 
stone  or  concrete,  and  the  grillage  placed  entirely  below  low  water, 
the  coffer-dam   being  kept  pumped  out  to  allow  this  work  to  be 
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done,  and  also  during  the  laying  of  the  footing  courses  of  the  masonry 
which  are  below  the  water. 

When  the  soft  bottom  overlays  good  clay,  hardpan,  or  rock,  as 
in  the  second  case,  and  the  depth  exceeds  20  or  25  feet  below  the 
water-surface,  piles  may  be  driven  to  the  harder  substratum  to 
act  as  bearing-piles.  But  when  the  depth  is  in  the  region  of  20 
feet  or  less,  it  is  best  to  excavate  and  place  the  foundation  masonry 
directly  upon  the  solid  bottom.  The  foundation  will  be  of  the 
character  described  for  some  of  the  following  cases. 

The  third  class  is  similar  to  the  foundation  at  Chattanoc^ 
after  the  gravel  was  removed.  The  fissures  in  the  rock  are  filled 
up  or  closed  with  cement  and  concrete,  and  a  leveling  course  of 
concrete  put  down  on  which  to  found  the  pier  (Fig.  93), 

Bottoms  of  the  fourth  class  should  have  all  the  loose  and  decom- 
posed rock  removed  and  steps  cut  out  by  blasting  and  wedging, 
to  give  a  secure  hold  for  the  foundation,  but  if  it  is  simply  rough  and 
irregular  a  leveUng  course  of  concrete  will  be  all  that  is  required  on 
which  to  start  the  pier.  Bottoms  of  clay  and  hardpan  will  require 
a  similar  treatment,  except  that  the  leveling  course  of  concrete  must 
be  made  of  sufficient  thickness  to  properly  distribute  the  pressure, 
which  will  seldom  be  less  than  3  feet  and  can  often  be  increased 
with  advantage  to  6  or  8  feet.  An  example  of  the  stepping  of 
rock  bottom  was  given  in  the  account  of  the  Forth  bridge  piers  in 
Chapter  VIII,  and  was  shown  by  the  dotted  lines  in  Fig.  no. 

Where  there  is  a  current  caused  by  leakage  through  the  sides 
of  a  coffer-dam,  or  from  the  bottom,  or  if  the  water  within  the  dam 
is  agitated  by  the  pumping,  it  will  be  best,  after  the  bottom  is  clean 
and  properly  prepared,  to  allow  the  water  to  run  in  and  then  deposit 
the  concrete  through  the  still  water.  This  has  been  successfully 
accomplished  through  25  or  30  feet  of  water,  and  while  some  engi- 
neers recommend  allowing  the  concrete  to  set  from,  one  to  three 
hours  before  depositing,  to  prevent  the  cement  from  washing  out  of 
the  concrete,  this  is  not  necessary  or  advisable  if  the  proper  care 
is  exercised  and  the  proper  apparatus  used.  The  concrete  should 
be  made  from  one-third  to  one-hdlf  richer  than  would  be  used  for 
similar  open-air  work,  as  there  will  be  some  loss  of  strength. 

The  simplest  method  is  to  deposit  the  concrete  in  paper  sacks 
by  sliding  them  down  a  smooth  wooden  or  iron  chute,  or  by  load- 
ing them  into  a  box  or  skip  and  dumping  them  out  after  the  box 
reaches  the  bottom.  The  sacks  should  be  of  tough  paper,  similar 
to  flour  sacks,  and  when  they  reach  the  bottom  they  may  be  broken 
by  a  pike-pole  and  the  concrete  allowed  to  run  tf^ether.    Thin 
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cloth  sacks  are  sometimes  used  and  they  become  fairly  well  cemented 
together  by  the  mortar  which  oozes  through. 

Where  the  amount  of  concrete  is  considerable  it  will  be  best 
to  use  a  tube  or  bottom-dumping  box.  The  use  of  a  steel  pij)e 
Irimie  in  the  most  approved  manner  is  described  in  Chapter  X. 
For  placing  concrete  under  water  on  the  Boucicault  bridge  over  the 
river  Sa6ne  in  France  a  wooden  tube  i6  inches  square  was  used. 
This  is  described  in  the  Engineering  News  of  May  18,  1893.  The 
tube  was  carried  transversely  across  the  caisson  on  a  traveling-crane 
which  ran  lengthwise  of  the  caisson  on  tracks  on  the  sides,  thus  allow- 
ing the  tube  to  be  moved  in  any  desired  direction.  The  tube  was 
built  in  sections  which  could  be  easily  removed,  was  provided  with 
a  hopper  at  the  top  into  which  the  concrete  was  dumped,  and  a  drop- 
door  at  the  bottom  to  let  out  the  concrete.  The  tube  was  filled  as 
it  was  lowered  down  into  the  water,  and  opened  when  within  16 
inches  of  the  bottom.  As  concrete  was  dumped  in  above,  the  tube 
was  moved  about  and  a  16-inch  layer  of  concrete  deposited.  When 
one  layer  was  complete,  another  of  the  same  thickness  was  deposited. 
This  method  of  using  16-inch  layers  was  said  to  have  obviated 
laitance  or  the  exuding  of  the  gelatinous  fluid  which  prevents  uni- 
form setting.  The  concrete  was  deposited  about  the  heads  of  the 
piles  and  no  grillage  used.  The  thickness  of  the  concrete,  which 
was  deposited  at  the  rate  of  from  cjo  to  100  yards  per  day,  was  Q.84 
feet,  and  was  allowed  to  set  fourteen  days  before  the  pier  was  begun. 

A  metal  tube  may  be  used,  such  as  was  employed  on  the  Harvard 
bridge  at  Boston  by  W.  H.  Ward.  This  tube  (Fig,  285)  was  not 
provided  with  a  bottom  and  the  lirst  filling  of  the  tube  was  con- 
sequently done  after  the  tube  was  lowered  and  the  concrete  became 
somewhat  washed.  This  may  easily  be  prevented  by  using  concrete 
in  paper  sacks  to  fill  the  tube  the  first  time.  The  tube  was  suspended 
from  a  derrick  and  was  moved  about  so  as  to  keep  the  concrete  level 
and  deposit  it  in  layers.  This  account  is  taken  from  Vol,  31  of  the 
Engineering  News,  from  which  is  taken  the  following  description 
of  a  metal  bucket  used  by  W.  D.  Taylor  on  the  Coosa  River- 

This  bucket  (Fig.  286)  was  of  riveted  construction  and  held  one 
yard  of  concrete.  The  maximum  depth  of  water  was  26  feet,  at 
which  depth  the  bucket  and  its  load  became  so  lightened  that  the 
bucket  tripped  as  soon  as  the  flanges  touched  the  bottom.  Similar 
boxes  are  often  constructed  of  wood,  or  they  are  often  made  V- 
shaped,  one  side  being  arranged  to  open  and  dump  the  load.  The 
placing  of  concrete  in  the  dry  by  a  bottom  dumping  bucket  is 
described  in  Chapter  X. 
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For  concrete  work  of  this  character  natural  cement  is  often 
used,  but  on  all  important  work  Portland  cement  should  be  employed. 


The  proportions  range  from  one  of  cement,  two  of  sand,  and  four 
of  broken  stone,  to  one  of  cement,  three  of  sand,  and  six  of  broken 
stone. 
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On  such  a  base  either  a  masonry  or  monolithic  concrete  pier 
may  be  constructed.  The  pier  at  Little  Rock  (Fig.  96)  was  of 
this  construction  and  of  the  composition  given  in  Chapter  VII.  A 
similar  piece  of  work  was  constructed  on  the  Red  River  bridge 
on  the  St.  Louis  &  San  Francisco  Railway  and  is  described  in  the 
Engineering  News  of  June  2, 1888,  by  C.  D.  Purdon,  assistant  engineer 


Fig.  187. — Concrete  Piers,  Red  River  Bridge. 


in  charge  of  the  work  under  James  Dun,  chief  engineer.  The  cribs 
were  filled  with  Louisville  cement  concrete  up  to  within  2  feet  of 
low  water,  on  which  was  built  the  pier.     {Figs.  287  and  288.) 

"  After  the  crib  had  been  filled  with  concrete  and  the  surface 
leveled  off,  the  center  lines  of  the  pier  were  located  and  a  frame 
of  2  X8-inch  plank,  the  shajje  of  the  pier,  and  4  inches  larger  to  allow 
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for  lagging,  was  placed  in  exact  position  and  held  by  pieces  spiked 
to  the  crib.  On  this  frame  upright  posts  6X6  inches  and  $  feet 
lo  inches  high,  with  a  batter  of  J  inch  per  3  feet,  were  set  in  the 
position  shown  on  the  drawii^,  tiien  the  feet  spiked  to  the  frame 
and  another  frame  similar  to  the  first,  but  6  inches  narrower,  placed 
on  them.  This  again  was  brought  to  exact  position  and  braced 
to  the  crib  and  the  frame  completed  by  putting  lagging  of  2-inch 


Fig.  j88,— Concrete  Fokms,  Red  Riveb  Bridge. 

plank  inside  the  posts  and  spiking  to  them.  This  laggmg  was 
horizontal  in  the  body  of  the  pier  and  vertical  (2X4  inches)  at  the 
ends,  beveled  pieces  being  introduced  in  the  ends  at  intervals  to 
make  up  the  .difference  of  the  upper  and  lower  circles.  Next  2X6- 
inch  planks  were  placed  across  on  the  tops  of  the  posts,  running 
clear  through  the  pier,  to  act  as  braces.  In  the  rest  of  the  frames 
these  braces  were  allowed  to  extend  about  6  feet  on  each  side  and 


lyGoot^lc 


THE  FOUNDATION  391 

the  frame  braced  by  spiking  plank  to  them  and  to  the  vertical  posts. 
After  a  section  of  frames  was  completed  a  bed  of  cement  mortar 
about  2  inches  thick  was  spread  all  over  the  concrete  in  the  crib. 
On  tliis  rough  stone,  in  such  pieces  as  one  man  could  easily  handle, 
was  placed  so  that  no  two  pieces  would  be  closer  than  a  inches, 
nor  any  piece  within  a  inches  of  the  frame,  the  stone  being  thor- 
oughly wet  before  laying. 

"  Next,  on  this  course  of  stone  another  bed  of  mortar  was  placed, 
sufficient  to  fill  all  the  spaces  between  the  stones  and  remain  about 
2  inches  thick  above  them.  It  was  then  well  rammed  with  rammers 
made  by  inserting  a  handle  in  a  section  of  a  pile,  except  at  the  edges, 
where  a  rammer  made  of  a  2-inch  plank  cut  in  the  shape  of  a  spade 
was  used,  to  insure  a  perfect  skin  of  cement  without  any  breaks. 
After  this  had  been  well  rammed,  another  layer  of  stone  was  placed 
and  covered  with  mortar  as  before,  and  so  on. 

"  The  coping,  which  was  made  similar  to  the  body  of  the  pier, 
was  finished  by  about  i^  inches  of  cement  mixed  with  sand  one 
to  one,  fluid  enough  to  be  struck  off  by  a  straightedge,  the  top  of 
the  frame  being  dressed  and  leveled  for  that  purpose. 

"  After  the  pier  had  been  completed  the  frames  were  removed 
and  the  braces  running  through  the  piers  cut  off  by  a  chisel  inside 
the  concrete.  Then,  to  make  a  smooth  surface,  the  pier  was  thor- 
pughl>'  wet  and  plastered  with  a  mixture  of  i  part  sand  to  i  part 
cement,  after  all  the  rough  or  loose  portions  had  been  scraped  off. 
This  was  mainly  done  for  appearance." 

The  mortar  for  the  body  of  the  pier  was  made  of  i  part  Alsen's 
German  Portland  cement  and  4  parts  of  sand.  There  was  used 
about  i^  barrels  of  cement  to  a  cubic  yard  of  completed  pier.  In 
mixmg  the  mortar  eleven  ordinary  pails  full  of  water  were  used 
to  one  barrel  of  cement,  which  caused  the  water  to  just  appear  on 
the  surface  when  the  tamping  was  done. 

The  lock  walls  on  the  Illinois  and  Missis^ppi  canal  have  been 
constructed  of  monohthic  concrete  under  Captain  W.  L.  Marshall, 
Corps  of  Engineers,  The  work  was  executed  under  L.  L.  Wheeler, 
engineer  in  charge,  from  whose  account,  in  the  report  of  the  Chief 
of  Engineers  for  1894,  the  following  is  taken: 

"  The  rules  adopted  for  the  work  were  adhered  to  and  are  worthy 
of  careful  study, 

"  I.  The  forms  or  molds  of  the  walls  will  be  di\'ided  by  vertical 
partitions  perpendicular  to  the  longest  axis  of  the  mass,  and  the  walls 
be  constructed  by  filling  alternate  sections. 

"  II.  The  sections  will  be  filled  in  horizontal  layers,  well  rammed, 
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each  layer  to  be  deposited  before  the  '  initial  set '  of  the  previously 
deposited  layer.  When  the  work  of  tilling  a  section  is  begun  it  must 
proceed  without  intermission  to  completion,  working  night  and  day 
if  necessary. 

"  III.  The  facing  and  backing  must  go  on  simultaneously  in 
the  same  horizontal  layers,  using  the  same  cement  in  the  facing 
as  in  the  backing,  with  no  defined  lines  of  demarcation  between 
the  fadng  which  contains  no  stone  and  the  concrete  backing. 

"  IV.  When  the  top'  surface  of  the  coping  is  reached  it  will  be 
finished  after  ramming  by  cutting  o£f  the  excess  by  a  straightedge, 
and  rubbed  smooth  and  hard  by  a  float.  No  plastering  or  wet 
finishing  will  be  allowed. 

"  V.  The  facing  of  the  walls  will  not  be  finished  by  plastering 
or  washing  with  cement  after  the  forms  are  removed,  nor  dressed 
in  any  manner  beyond  chiseling  away  rough  ridges,  should  the  plank 
forming  not  be  smooth. 


Fig.  289. — Concrete  Forus,  Illinois  and  Michigan  Canal. 

"  VI.  The  concrete  shall  be  mixed  with  all  the  water  it  will 
take  without  water  showing  after  ramming,  or  without  '  quaking ' 
upon  ramming. 

"  VII.  At  such  intervals  as  may  be  necessary  vertical  wells, 
at  least  i  foot  square,  will  be  formed  along  the  middle  of  the  masses 
of  concrete,  reaching  to  near  the  bottom  thereof.  The  masses  of 
concrete  after  forming  will,  be  kept  sheltered  from  the  sun,  the  outer 
surfaces  kept  moist  and  the  wells  kept  filled  with  water  until  well 
set,  or  about  three  weeks.    The  walls  will  then  be  filled  with  concrete. 

"  VIII.  In  preparing  the  cement  for  mixing  with  other  ii^edients 
of  concrete,  from  five  to  ten  barrels  will  be  kept  thoroughly  mixed 
dry,  to  guard  against  chance  barrels  of  defective  cement,  and  the 
necessary  quantity  of  cement  will  be  taken  for  each  batch  from  this 
mixture. 

"  DC.  Two  cements  of  different  qualities  shall  not  be  used  in  the 
same  section,  but  as  far  as  practicable  each  mass  shall  be  homo- 
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geneous  throughout,  but  a  slight  excess  of  cement  in  the  facing  to 
reduce  its  capacity  to  absorb  water," 

The  rate  at  which  the  concrete  was  deposited  in  the  work  was 
determined  by  the  rate  of  ramming,  and  but  one  yard  every  five 
minutes  was  deposited.  The  forms  (Fig.  289)  were  lined  with 
dressed  pine  plank  4X8  inches  on  the  face,  of  uniform  thickness, 
and  with  2-inch  rough  plank  on  the  back. 


Fig.  «90. — Stone  Ckushek  and  Concrete  Mixer,  Illinois  and  Michigan  Canal. 


Rough  plank  is  sometimes  used  on  such  work  and  lined  with 
oiled  paper,  or  ordinary  dressed  plank  may  be  used  and  coated 
with  soft  soap.  In  most  sections  of  the  country  crushed  broken 
stone  can  be  obtained,  but  owing  to  the  magnitude  of  this  work  a 
crusher  was  built  (Fig.  290)  and  was  found  to  work  very  satisfactorily. 
The  concrete  mixer  shown  in  Fig.  290  was  operated  by  a  15-horse- 
power  portable  engine.  The  proportions  fmally  adopted  for  the 
concrete  were  i  of  cement,  33  of  gravel,  and  4  of  broken  stone,  while 
the  facing  and  coping  were  composed  of  i  part  cement  and  2  parts 
of  clean  river  sand. 
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That  the  sand  for  concrete  be  clean  and  sharp  is  very  essential, 
and  any  loam  or  dirt  must  be  washed  ouL  Equally  essential  is 
good,  clean,  sharp,  broken  stone  without  dust  or  dirt.  The  cement 
used  on  the  above  work  was  a  Gennan  Portland,  but  most  of  the 
American  Portlands  are  first  class  and  will  give  as  good  results  as  the 
imported. 

Where  good,  fresh,  cement  is  being  supplied  a  few  tests  to  a 
car-load  will  be  sufficient,  and  for  cements  of  the  grade  of  Atlas  or 


Fig.  igi.—REiNFuKaNG  Bar  Bender. 

Empire  the  guarantee  of  the  manufacturer,  supplemented  by  a  few 
tests,  should  be  sufficient.  But  for  cements  which  have  been 
shipped  by  water,  tests  should  be  made  from  every  five  or  ten 
barrels. 

The  Atlas  Cement  Company  recommend,  for  concrete  laid  in 
open  air  on  moist  ground  where  great  weight  must  be  carried,  i 
of  cement,  2  of  clean  sharp  sand,  and  4  of  2-inch  broken  stone; 
this  sand  and  cement  to  be  thoroughly  mixed  dry,  then  just  enough 
water  added  to  thoroughly  moisten,  and  the  mass  turned  over  at 
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least  twice,  when  the  stone  is  to  be  added  in  a  thoroughly  wet  con- 
dition. This  must  then  be  put  at  once  into  the  molds  and  well 
rammed. 

Where  a  solid  bottom  Is  to  be  built  upon,  the  proportions  of 
I  of  cement,  3  of  sand,  and  6  of  broken  stone  are  recommended. 
For  ordinary  construction  i  of  cement,  4  of  sand,  and  8  of  broken 
stone,  while  to  obtain  a  concrete  as  strong  as  ordinary  natural 


Fic.  39:.— DoDBLE  DBUH  Guv  Debbi'-e   Aheiican  Hoist  and  Dekkick  Co. 

cement  concrete  i  of  cement  5  of  sand  and  lo  of  broken  stone  can 
be  used. 

The  average  cost  m  the  western  portion  of  the  United  States 
of  such  concretes  includm^  labor  tools  timber  forms,  and  a  fair 
profit  to  the  contractor  would  be  for  the  first  $8  per  cubic  yard,  for 
the  second  $7.50,  for  the  third  $7.25,  and  for  the  fourth  $7.  In  the 
Eastern  States  they  can  be  figured  at  $1  per  cubic  yard  less. 

Where  reinforcing  is  to  be  used  in  foundation  concrete  it  is  very 
often  necessary  to  bend  the  reinforcing  bars.    A  tool  for  this  purpose, 
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such  as  is  shown  in  Fig.  291,  will  hcnd  up  to  ij-inch  high-carbon 
bars  without  heating.  It  can  be  operated  by  one  man,  by  the  ratchet 
lever,  and  the  dies  can  be  adjusted  for  the  thickness  of  the  steel  to 
be  bent  by  means  of  the  set-screws.  The  machine  weighs  about 
350  pounds,  and  costs  $100. 

Where  the  leveling  course  of  concrete  has  been. put  in  and  the 
pier  is  to  be  of  stone,  the  footing  course  should  be  of  carefully 
selected  material.  They  should  be  large-  stones  with  good  beds, 
and  should  be  as  thick  or  preferably  thicker  than  the  courses  above. 
Where  the  bearing  pressure  does  not  exceed  two  tons  per  square 
foot,  the  footing  courses  may  be  stepped  by  allowing  each  course 


Fig.  29.5.— Stiff  Leg  Df.brick  with  Steel  Boov. 

to  project  about  one  and  one-third  times  its  thickness,  depending 
of  course  on  the  quality  of  the  stone. 

The  usual  way  of  handling  the  material  for  foundations  and 
piers  is  to  boat  it  to  the  site,  where  it  is  placed  by  a  stiff-leg  derrick, 
or,  if  guys  can  be  used,  by  a  derrick  with  wire-rope  guys. 

The  stiff-leg  derrick  shown  in  Fig.  293  is  fitted  with  steel  mast 
and  boom,  but  where  timber  is  plenty  the  entire  rig  can  be  made 
with  large  timbers  similar  to  the  stiff-leg  derrick  on  the  scows, 
shown  in  Chapter  XXIV,  and  the  author  has  used  fir  booms  in  one 
stick  up  to  90  feet  long,  as  shown  in  Fig,  190.  Everything  about 
a  stiff-leg  derrick  must  be  carefully  proportioned,  including  the 
goose  necks  and  all  of  the  connection  plates  and  pins. 
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Derrick  lines  and  other  hoisting  lines  can  be  handled  by  crabs 

or  winches.     A  style  of  winch  used  by  the  author  for  many  years 

is  shown  in  Fig.  294  in 

full  detail,  and  can  be 

easily  constructed  by 

ordinary    first -class 

workmen. 

The  fittings  for  such 

derricks     can    be  ob- 
tained from  a  number 

of  firms,  an  American 

Hoist     and      Derrick 

Company  outfit  being 

shown    in    Fig.     292. 

This  is    rigged    to    be      Fig.  295.— Sincle-drum  Hoksb-power,  Conteactoes' 

operated  by  a  double-  Pi-*nt  Mkj.  Co. 

drum  hoist,  which  can 

be  one  operated  by  horse-power  (Fig.  295)  if  the  piers  are  near  the 

bank  and  if  steam-power  is  not  available.     The  usual  form,  however, 

is  a  double-drum  steam-hoist  like  the  Lidgerwood  machine  shown  in 

Fig.  296. 

Instead  of  swinging  a  derrick  by  hand  lines  or  by  tag  lines  running 

through  snatch  blocks  to  the  nigger  heads,  it  is  best  to  employ  slew- 
ing engines  similar  to  the  one  shown 
in  Fig.  297,  which  can  be  operated  by 
the  hoisting  engineer,  and  save  one 
or  two  men  on  the  work.  This  kind 
of  a  rig  used  in  connection  with  a 
bull-wheel  on  the  derrick  will  pay  for 
itself  usually  in  two  or  three  months' 
time.  Hoist  engines  fitted  with  two 
reversing  drums  for  swinging  the  boom 
^  are  all  similar  to  the  engine  shown 
■  in  Fig.  298.  This  style  of  an  engine 
will  work  well  on  land,  but  not  so 
well  on  a  scow,  which  is  apt  to  list 
and  cause  an  especially  hard  pull. 
The  sizes  and  data  of  hoist  engines 
are  shown  in  Tables  XL  and  XLI. 
Vertical  boilers   are  often   required  about  a  contractor's  plant 

similar  to  the  one  illustrated  in  Fig.  299,  and  are  fully  described  in 

Table  XLII.    All  boilers  should  be  built  to  comply  with  the  most 
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rigid  requirements  of  City  Boiler  Inspection  Ordinances,  and  one 
somewhat  exceeding  these  requirements,  built  under  Government 
Navy  specifications,  is  shown  in  Fig.  300.  This  boiler,  however, 
is  of  such  a  size  that  it  should  not  be  used  for  small  construction, 
owing  to  the  expense   of  moving  and  setting  it  up,  and  boilers  of 


Fig.  397. — Slewing  Engine  fob  Derrick. 

the  locomotive  type  described  in  Chapter  V,  are  much  more  easily 
transported  and  placed. 

Where  electric  power  is  available  an  electric  hoist  (Fig.  301) 
should  be  used,  as  it  will  be  found  much  more  convenient. 

Works  of  any  magnitude  should,  however,  be  fitted  from  the 
beginning  with  a  cableway,  which  will  avoid  the  necessity  of  boat- 
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ing  the  materials,  erecting  of  large  derricks,  and  facilitate  in  every 
way  the  prosecution  of  the  work,  besides  often  making  a  balance 
on  the  right  side  of  the  ledger.  The  Lidgerwood  cableway  on  dam 
No.  II  of  the  Ciroat  Kanawha  River,  a  tower  of  which  can  be  seen 


)  KiiVEBsiNQ  Drums  for  Slewing  Book. 


in  Fig.  12,  had  a  span  of  1505.5  feet  and  carried  a  net  load  of  four 
tons  on  a  main  cable  2^  inches  in  diameter.  The  stone  quarry  was 
located  on  one  bank,  and  the  stone  was  taken  directly  to  the  stone- 
yard  and  to  the  work  in  the  river.    A  seam  of  coal  in  the  quarry  also 
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supplied  fuel  for  the  dredges  and  pumps,  the  coal  being  handled  by 
the  cableway,  as  was  also  the  material  from  the  railroad  siding  on  the 
opposite  bank. 

The  details  ol  these  cableways  have  been  developed  and  perfected 
to  a  wonderful  extent,  as  a  result  of  their  use  on  the  Chicago  drainage 


Fin.  J99. — Vertical  Builer. 

channel.  The  engine  for  operating  one  of  these  with  a  capacity  ol 
eight  tons  has  double  loX  12-inch  cylinders,  the  cranks  being  set  at 
an  angle  of  90°,  and  is  provided  wth  reversing  link  motion.  The 
double  drums  regulate  both  the  hoist  at  a  speed  of  300  feet  per 
minute  and  the  travel  along  the  cable  at  1000  feet  per  minute.  A 
7o-hor5e-power  boiler  is  required. 
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Fig.  300.— Vertical  Boiur,  Navy  Tvpk. 
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The  carriage  and  skip,  which  are  automatic  in  action,  are  shown 
in  Fig.  302,  the  capacity  of  those  on  the  drainage  channel  being  1.8 
yards,  and  the  average  of  a  month  being  about  600  yards  per  day 
of  ten  hours.  The  cost  of  operation,  including  labor,  fuel,  and 
everything  except  interest  on  plant  and  repairs,  was  less  than  $18 
per  day  or  from  3  to  4  cents  per  yard. 

The  cableway  on  the  Coosa  dam  and  lock  {Fig.  303)  had  a 
capacity  of  about  eight  tons  and  made  a  round  trip  on  an  average 
of  about  three  minutes.  Such  a  plant  is  out  of  reach  of  high  water 
and  of  trains  where  used  over  railroad  tracks  as  at  the  North  Avenue 
bridge  in  Baltimore. 


Fic.  301.— LiDCEB WOOD  Electric  Hoist. 

The  Court  Street  stone-arch  bridge  at  Rochester,  N.  Y.,  of  eight 
spans,  was  constructed  with  the  aid  of  0  cabieway,  which  was  also 
used  to  remove  the  old  bridge  and  piers.  A  cableway  of  one  span 
was  used  to  construct  the  Melan  concrete-arch  bridge  at  Topeka, 
Kan.  The  bridge  has  five  spans  and  a  total  length  of  650  feet. 
During  the  extreme  high  water  in  the  early  part  of  1897,  when  every- 
thing was  completely  inundated,  and  an  ordinary  derrick  plant 
would  have  been  swept  away,  the  cableway  was  high  and  dry  out 
of  reach  of  the  flood. 

The  prevailing  low  prices  of  contract  work  make  it  necessary  to 
employ  every  improvement  on  important  engineering  work,  and  the 


D.qit.zeaOvGoOt^lc 


THE  FOUNDATION  403 

cableway  has  doubtless  come  to  stay  as  one  of  the  most  remarkable 
of  our  tools. 

Very  often  it  becomes  necessary  to  use  jacks  of  large  capacity 
around  foundation  work,  and  while  the  hydraulic  jack  is  very 
satisfactory  when  it  is  in  good  shape  and  in  warm  weather,  the 
Norton  jack,  Fig.  304,  can  be  purchased  up  to  100  tons  capacity, 
and  will  usually  be  found  much  more  satisfactory.  This  is  a  ball- 
bearing ratchet-screw  jack,  and  worn  or  broken  parts  can  be  easily 
replaced. 

They  are  useful  around  caisson  work  for  jacking-up  during  the 


building  of  the  cribs  and  in  launching  them  when  they  must  be  started 
with  one  or  more  jacks. 

After  caissons  are  in  place,  it  is  often  necessary  to  use  jacks  to 
loosen  up  braces,  so  they  can  be  removed  or  replaced.  The  same 
work  in  cofferdams  can  be  done  more  easily  by  the  use  of  some  form 
of  jack,  and,  if  others  are  not  at  hand,  ordinary  screw  jacks  may  be 
employed. 

The  necessity  for  the  proper  lighting  of  foundation  work  where 
night  crews  are  employed  is  one  of  the  most  important  matters  to 
be  considered  by  the  engineer,  and  wherever  electric  current  can 
be  obtained  electric  lights  should  be  used  instead  of  gasoline  torches, 
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which  are  very  unsatisfactory,  especially  in  windy  weather.    A  direct- 
connected  DeLaval  turbine  generator,  as  shown  in  Fig.  305,  occupies 


but  little  space  and  can  be  used  to  ad\'antage  on  any  work  where 
steam  boilers  are  in  use. 

Very  often  it  is  more  convenient  to  use  an  acetylene  light  as  shown 
in  Fig.  306,  which  is  a  Milbum  portable  lamp,  and  which  can  be 
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Fic.  304.— Norton  BjUL-bearing  Ratchet  Screw  Jack. 


Fio.  305.— De  Laval  Tdsbine  Dkiving  Generatoe. 
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Ro.  306.— MiLBUitN  Portable  Licbt. 
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obtained  up  to  12,000  c.p.  Usually  one  of  about  1500  c.p.  is  ail  that 
will  be  required  for  ordinary  work,  and  should  more  light  be  needed 
additional  ones  may  be  added  as  required. 


TABLE  XL.— TABLE  OF  SIZES,   LIDGERWOOD  SINGLE-CYUNDER, 
SINGLE-DRUM  HOISTING-ENGINES. 
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CHAPTER  XXI 
THE    FOUNDATION    (CONTINUED)* 

The  determination  of  the  exact  character  of  the  foundation  is 
entirely  dependent  upon  the  bearing  capacity  of  the  soil  or  founda- 
tion bed.  In  cases  where  there  is  large  doubt  as  to  what  the  bot- 
tom will  carry  per  square  foot  of  surface,  it  is  always  best  .to  make 
some  tests  to  arrive  at  defmite  conclusions;  but  in  ordinary  cases 
it  is  possible  to  adopt  figures  well  within  safe  limits,  and  thus  avoid 
the  trouble  and  expense  of  experimenting.  Unless  the  experiments 
are  very  carefully  conducted,  precedent  is  the  better  method. 

For  the  State  Capitol  at  Albany,  N.  Y.,  one  of  the  most  impwr- 
tant  structures  in  the  United  States,  very  careful  and  elaborate 
experiments  were  conducted  by  W.  J.  McAlpine,  the  engineer  in 
charge  of  the  work;  and  as  the  material,  which  was  blue  clay,  was 
found  to  sustain  a  load  of  6  tons  per  square  foot,  it  was  decided  to 
adopt  2  tons  as  the  safe  load  to  put  upon  the  foundation  bed. 

The  Congressional  Library  at  Washington,  D.  C.  (Fig,  307), 
another  very  important  building,  had  the  foundation  constructed 
to  come  within  2J  tons  per  square  foot,  although  the  yellow  clay 
was  found  to  carry  a  total  load  of  13J  tons  per  square  foot. 

It  is  always  possible,  of  course,  to  thoroughly  drain  the  founda- 
tions of  a  building,  or  to  at  least  know  the  exact  condition  in  which 
the  foundation  bed  will  exist;  but  for  bridge  work  the  circumstances 
are  very  different,  and  after  the  foundation  is  once  in  place,  unless 
It  be  on  solid  rock,  examinations  are  very  difficult,  so  that  it  is 
necessary  to  be  much  more  sure  as  to  what  the  material  will  carry. 

The  Bismarck  bridge  (Fig.  308)  across  the  Missouri  River,  on 
the  line  of  the  Northern  Pacific  Railway,  has  the  piers  (Fig.  309) 
founded  upon  the  clay,  which  was  found  to  sustain  a  load  of  15  tons 
per  square  foot  before  settlement  ensued,  and  the  actual  load  is 
3  tons  per  square  foot.  From  a  report  on  this  work  the  following 
account  is  taken  of  the  character  of  the  foundation  bed: 
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"  With  the  exception  of  some  thin  strata  of  soft  sandstone  of 
~  irregular  thickness  and  extent,  no  rock  is  found 

in  position  in  this  part  of  Dakota.    The  entire 
country  is  underlaid  with  a  very  hard  strati£ed 
clay,  the  depth  of  which  has  not  been  ascer- 
tained.   Borings  proved  this  clay  to  be  at  least 
loo  feet  thick  on  the  line  of  the  bridge,  and  a 
hole  intended  for  an  artesian  well  has  since 
been  sunk  within  the  Bismarck  city  limits  to  a 
depth  of  over  1300  feet  in  the  clay.    This  clay, 
however,  is  in  many  respects  more  like  a  rock 
than  a  clay;    small  specimens  tested  for  com- 
pression have  sustained  a  weight  of  over  300 
pounds  per  square  inch  without  crushing,  and 
when  they  gave  way  yielded    like   rock,  and 
I      showed  no  tendency  to  bulge  out  at  the  sides. 
P      Water  has  little  or  no  effect  upon  this  clay, 
§      even  where  the  current  is  extremely  strong,  but 
j2      when  exposed    to  the  dry  air   the  clay  slakes 
g      rapidly  and  crumbles  to  pieces." 

1  The  Roebling  Suspension  bridge  at  Cindn- 
^  nati,  Ohio,  has  the  towers  (Fig.  310)  founded 
^  on  coarse  gravel,  although  by  going  12  feet 
a  deeper  solid  limestone  could  have  been  reached. 
(3      The  load  of  3.63  tons  per  square  foot  adopted 

'■  was,  however,  well  within  safe  limits  for  so 
"     large  a  spread  as  the  base  of  the  towers. 

2  "  No  definite  plan  of  foundation  had  been 
fixed  upon;  none  could  be  safely  adopted  before 
the  excavations  had  been  sunk  some  consider- 
able depth.  Whether  a  solid  rock  bottom  could 
be  reached  on  either  side  was  uncertain;  so  also 
was  the  question  of  piling  or  solid  layers  of 
timber  left  open.  It  is  known  that  the  bed  of 
the  Ohio  River  is  throughout  its  extent  under- 
laid with  rock,  at  no  great  distance  below  the 
surface.  But  the  depths  at  which  the  rock  is 
found  varies  very  considerably,  Atalltherapids 
and  shallows  the  rock  forms  the  bed  itself;  in  the 
pools  betwcen,heavylayersofgravel,sand,  or  mud 
are  deposited.  At  or  near  the  mouths  of  tribu- 
taries, the  rock  has  generally  been  excavated  by  the  action  of  the  water 
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to  a  great  depth;  the  soft  material  has  taken  its  place,  and  consequently 
good  foundations  can  only  be  made  by  heavy  expenditures.  At  the 
site  of  the  bridge,  a  bed  of  blue  limestone  and  shale,  not  very  solid, 
underlies  the  river  bed  at  a  depth  of  about  12  feet  below  the  lowest 
part  of  the  channel.  A  short  distance  above  the  bridge  this  shale 
is  laid  bare  at  low  water  on  the  Covington  side,  a  part  of  it  extending 


Fig.  310. — Cincinnati  Suspension  Bridge. 

half  way  across.  Under  the  Covington  tower,  a  heavy  bed  of  coarse 
sand,  mixed  with  gravel,  is  found  above  the  rock,  while  the  surface 
layer  is  composed  of  the  original  clay  bottom  which  forms  the  river 
banks.  On  the  Cincinnati  side,  the  original  clay  or  loamy  bottom 
has,  to  some  extent,  been  washed  away,  and  latterly  been  filled  up 
again  by  the  materials  obtained  from  cellar  excavations. 
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"  In  this  artificial  bank  the  excavation  of  the  Cincinnati  tower 
was  commenced  about  the  ist  of  September,  1856,  and  sunk  down 
to  the  level  of  the  river,  which,  during  this  and  the  next  two  months, 
tell  to  low-water  mark.  A  little  rise  of  4  feet  intervened,  but  the 
river  fell  again,  and  continued  low  until  the  month  of  December,  It 
was  owing  to  this  remarkably  favorable  state  of  the  river  that  we  so 
well  succeeded  in  our  foundations,  and  at  a  cost  which  must  be 
considered  as  very  small,  considering  their  magnitude  and  the 
sudden  floods  which  may  occur  at  almost  any  time  and  sweep  over 
and  destroy  costly  preparations, 

"  By  a  wise  resolution  of  the  Board  of  Managers,  the  work  was 
not  to  be  commenced  before  a  bona  fide  cash  subscription  of  $300,000 
had  been  secured.  Contrary  to  my  expectations,  this  subscription 
was  rapidly  obtained;  and  in  view  of  the  promising  state  of  the 
river,  it  was  concluded  to  forthwith  commence  the  foundation  work. 
But  no  preparations  whatever  had  been  made,  no  materials  on  hand, 
no  machinery,  and  no  efficient  pumps.  The  total  want  of  the  latter 
proved  a  very  serious  drawback,  and  seriously  threatened  to  defeat 
the  enterprise  at  the  very  outset.  It  is  true,  the  city  was  full  of 
steamboat-pumps,  but  of  such  small  dimensions  and  such  construc- 
tion that  they  were  of  no  account  in  such  an  operation.  Raising 
clean  water  is  an  easy  process,  but  to  raise  large  masses  of  soft  mud 
and  sand  is  not  so  easy.  After  experimenting  and  losing  a  few  precious 
weeks  in  an  endeavor  to  work  some  patent  rotarj'  pumps,  which 
utterly  failed,  we  came  very  near  to  a  complete  halt.  There  was 
no  time  to  get  proper  steam-pumps  of  large  dimensions  constructed 
at  any  of  the  shops  in  Cincinnati,  nor  could  we  expect  them  in  time 
from  the  East;  every  day's  loss  was  irreparable — and  so  we  were 
thrown  back  upon  our  own  resources.  Accordingly,  I  had  four 
large  square  box-pumps  constructed  of  3-inch  pine  plank,  strongly 
hooped,  and  24  feet  long;  one  pair  18  inches  in  the  clear,  the  other 
20  inches.  Cast-iron  gratings  with  large  india-rubber  flap-valves 
formed  the  piston  and  lower  check-valves;  heavy  piston-rods,  con- 
nected with  chains  which  passed  over  sheaves,  and  were  shackled  to 
rods,  extending  over  the  coffer-dam  down  to  the  river.  These  pumps 
were  put  up  vertically,  in  two  pairs,  one  pair  worked  at  a  time. 
They  were  propelled  by  one  of  the  engines  of  the  then  Champion 
No.  I,  a  powerful  towboat,  owned  by  Amos  Shinkle,  Esq.,  who 
generously  placed  it  at  my  disposal.  These  pumps  worked  well 
and  never  failed;  tliey  threw  mud  and  sand  as  eflectively  as  pure 
water,  and  discharged  40  gallons  at  each  lift. 

"  When  the  Cincinnati  excavation  was  commenced,  a  strong 
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oak  sheet-piling  was  driven  along  the  rivcr-front  to  guard  against 
the  pressure  of  water.  This,  together  with  a  solid  embankment, 
proved  a  most  efficient  coffer-dam  on  the  river  side.  Owing  to 
its  low  stage,  the  river  gave  us  no  trouble  at  all.  But  by  the  great 
depth  and  extent  of  the  foundation,  most  of  the  wells  along  the  rising 
ground,  back  of  Cincinnati,  were  laid  dry.  We  drained  their  sup- 
plies, and  had  to  pump  them  out;  and  this  copious  influx  came  from 
a  quarter  totally  unexpected.  The  excavation,  however,  proceeded 
rapidly  day  and  night,  until  all  the  clay  and  sand  was  removed., 
and  a  deep  layer  of  coarse  sand  and  gravel  was  laid  bare.  Sound- 
ings were  now  made  by  driving  long  iron  bars  to  the  limestone  shale 
underneath,  which  proved  to  be  about  12  feet  lower.  A  depth 
of  over  12  feet  below  extreme  low  water  was  reached,  and  the  ques- 
tion now  arose,  whether  to  go  to  the  rock,  to  pile,  or  to  lay  down  a 
solid  timber  platform. 

"  A  compact  bed  of  gravel,  if  left  undisturbed,  and  protected 
against  undermining  and  washing,  stands  next  to  a  solid  rock  founda- 
tion, provided  that  unequal  settling  is  guarded  against.  Had  this 
tower  been  located  inside  of  low-water  mark,  I  should  have  decided 
upon  going  down  to  the  rock,  although  one  season's  loss  would 
have  been  the  consequence.  Piling  I  considered  inferior  to  the 
plan  adopted,  to  say  nothing  of  the  loss  of  time.  It  was  therefore 
decided  to  stop  at  the  gravel,  and  to  build  a  solid  timber  founda- 
tion up  to  low-water  mark,  thence  to  commence  the  masonry.  If 
the  timber  could  be  tbtained  in  time  in  sufficient  quantity,  the 
success  of  this  kind  of  foundation  was  much  more  certain  to  be 
achieved,  and  with  less  risk  and  cost,  than  any  other  plan. 

"The  timber  foundation,  thus  laid,  forms  a  pUitform  of  no 
feet  long  by  75  feet  wide,  composed  of  twelve  courses  or  layers  next 
to  the  river,  but  stepped  off  towards  the  land  side  to  eight  courses, 
in  consequence  of  the  greater  hardness  of  the  gravel,  almost  equal 
to  hardpan.  We  were  obliged  to  employ  all  kinds  of  timber,  soft 
and  hard,  mixed,  as  white  pine,  oak,  maple,  hickory,  button-wood, 
elm,  beech.  The  length  of  logs  also  varied  from  25  to  40  feet.  They 
were  all  flattened  and  counter-hewed  to  an  even  thickness  of  1 2  inches, 
leaving  the  other  two  sides  rough.  The  courses  were  crossed  at  right 
angles;  each  stick  was  thoroughly  secured  by  iron  rag-bolts  18 
inches  long  and  i  inch  in  diameter.  The  vertical  joints  were  left 
open  and  filled  with  clean  gravel  and  broken  stone.  Every  course 
was  leveled  off  with  the  adze  and  then  thoroughly  grouted  with  cement 
grout  before  the  next  course  was  laid  down.  Care  was  also  taken  in 
breaking   the   longitudinal   joints  efficiently.     A   solid  platform   of 
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timber,  no  feet  long,  75  feet  wide,  12  feet  deep  on  the  river  side, 
and  8  feet  on  the  land  side,  well  put  together  in  the  manner  described, 
ofTers  a  foundation  neariy  as  good  as  rock,  provided  it  is  guarded 
against  undermining. 

"  The  result  has  fully  justified  my  expectation.  I  have  not  been 
able  to  discover  any  settlement  during  the  progress  of  the  masonry; 
its  condition  to-day  proves  the  excellence  of  the  foundation.  There 
are  16,000  perches  of  25  cubic  feet,  equal  to  400,000  cubic  feet,  of 
solid  masonry  in  each  tower.  Allowing  150  pounds  as  the  average 
weight  of  one  cubic  foot,  the  total  weight  of  one  tower  is  60  millions 
of  pounds,  or  30,000  tons  net.  The  area  of  the  timber  foundation 
being  iioX75=-^8z5o  superficial  feet,  the  weight  upon  each  foot  is 
3.63  tons  or  7272  pounds,  or  50J  pounds  per  superficial  inch.  This 
is  equivalent  to  a  solid  mass  of  iron  of  15  feet  depth.  Now  experience 
proves  that  such  a  weight  of  iron  will  be  supported  upon  a  clay  floor, 
if  its  surface  is  well  consolidated  by  tamping.  In  the  case  of  high 
chimney-stacks,  elevated  300  to  400  feet,  a  still  greater  pressure 
is  sometimes  produced  upon  each  superficial  foot." 

The  great  Brooklyn  bridge,  also  constructed  under  John  A. 
Roebhng,  had  the  towers  landed  on  a  few  feet  of  sand  overlying 
bed-rock,  and  the  load  was  allowed  to  run  up  to  sh  tons  per  square 
foot. 

The  bridges  in  London,  England,  are  nearly  all  founded  upon  the 
stratum  known  as  "  London  Clay,"  and  the  Charing  Cross  bridge 
causes  a  pressure  upon  it  of  in  the  neighborhood  of  9  tons  per  square 
foot,  while  on  the  Cannon  Street  bridge  the  load  runs  to  in  the  neigh- 
borhood of  6j  tons  per  square  foot.  Both  of  these  structures,  how- 
ever, have  shown  considerable  settlement,  and  when  the  great  Tower 
bridge  was  designed  it  was  decided  to  reduce  these  loadings  very 
materially.  Tests  made  by  sinking  a  trial  cylinder  showed  settle- 
ment under  6|  tons  per  square  foot,  and,  disregarding  skin  friction 
of  the  caisson  and  the  buoyancy  of  the  water,  4  tons  was  adopted 
as  the  safe  load;  although,  taking  these  into  account,  the  actual 
load  per  square  foot  was  between  i  and  2  tons. 

The  cantilever  bridge  at  Memphis,  Tenn,  {Fig.  311),  constructed 
by  George  S.  Morison,  has  piers  founded  upon  pneumatic  caissons, 
and  tests  were  made  to  determine  the  maximum  bearing  capadty 
of  the  soil,  which  was  a  compact  clay,  and  it  was  found  to  have  aa 
ultimate  bearing  capacity  of  pj  tons. 

Although  the  foregoing  represent  what  is  the  best  practice  in 
regard  to  the  allowable  loads  per  square  foot  on  various  classes 
of  soil,  they  have  in  many  cases  been  much  exceeded.     For  example, 
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the  foundation  of  the  Washington  Monument  causes  a  pressure  on 
the  very  fine  sand  of  ii  tons  per  square  foot,  although  a  maximum 
of  about  14  tons  is  reached  during  a  high  wind.  Similar  overloaded 
conditions  exist  with  many  bridges,  as  the  Gorai  bridge  causes  a 
pressure  of  9  tons  on  the  close-sand  foundation,  and  nearly  as  much 
pressure  is  put  upon  the  sand  bottom  in  the  Nantes  bridge,  where 
pressure  reaches  8i  tons  per  square  foot,  although  this  has  settled 
some,  indicating  that  such  high  figures  are  nearer  the  ultimate  bear- 
ing capacity  than  safe  loads.  A  mixture  of  clay  and  sand  on  which 
the  Szegedin  bridge  in  Hungary'  is  founded  carries  a  load  of  7§  tODS 
per  square  foot,  although  it  was  found  necessary  to  relieve  this  foun- 
dation by  driving  piles. 

The  above  data  as  to  the  carrying  capacity  of  soil  of  various 
kinds  may  be  supplemented  by  stating  that  the  safe  loads  for  soils 
per  square  foot  may  be  rapidly  increased  for  hardpan,  cemented 
gravel,  and,  of  course,  very  largely  increased  for  rocky  ground,  as 
in  the  case  of  the  Roquefavour  aqueduct  in  France,  where  then 
pressure  reaches  15  tons  per  square  foot. 

Probably  the  most  generally  accepted  values  for  foundation 
locds,  that  is,  the  amount  which  can  be  plac^  with  safety  upon 
a  square  foot  of  foundation  bed,  are  those  pven  by  Prof.  I.  O.  Baker 
in  an  article  published  in  the  American  Arckiteci,  in  which  he  states 
the  maximum  allowable  load  to  be  25  tons  per  square  foot  for  rock 
of  similar  hardness  as  is  used  in  the  best  ashlar  masonry,  15  tons 
per  :quare  foot  for  rock  equal  to  the  best  brick  masonry,  5  tons 
per  square  foot  for  rock  equal  to  poor  brick  masonry,  4  tons  for  diy 
clay,  2  tons  for  moderately  dry  clay,  i  ton  for  soft  clay,  8  tons  for 
cemented  gravel  and  coarse  Eand,  4  tons  for  compact  and  well- 
cemcn'icd  sand,  2  tons  for  clean,  dry  sand,  and  0.5  ton  for  quicksand 
and  alluvial  soils,  although  these  figures  can  'be  increased  from  25 
to  100  per  cent,,  depending  upon  circumstances  and  as  the  judg- 
ment of  the  engineer  on  the  work  may  dictate. 

The  building  laws  of  Greater  New  York  are  more  generally  used 
as  a  model  and  authority  than  any  other  building  rules,  and  the 
following  extracts  cover  the  provisions  as  to  foundations: 

"  Where  no  test  of  the  sustaining  power  of  the  soil  is  made, 
different  soils,  excluding  mud,  at  the  bottom  of  the  footings,  shall 
be  deemed  to  safely  sustain  the  following  loads  to  -the  superficial 
foot,  namely: 

"  Soft  clay,  I  ton  per  square  foot; 

"  Ordinary  clay  and  sand  together,  in  kyers,  wet  and  springy, 
2  tons  per  square  foot; 
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"Loam,  clay,  or  fine  sand,  firm  and  dry,  3  tons  per  square  foot; 

"  Very  firm,  coarse  sand,  stiff  gravel,  or  hard  clay,  4  tons  per  square 
foot,  or  as  otherwise  determined  by  the  Commissioner  of  Build- 
ings having  jurisdiction. 

"Where  a  test  is  made  of  the  sustaining  power  of  the  soil  the 
Commissioner  of  Buildings  shall  be  notified  so  diat  he  may  be  present 
in  person  or  by  representative.  The  record  of  the  test  shall  be  filed 
in  the  Department  of  Buildings. 

"  When  a  doubt  arises  as  to  the  safe  sustaining  power  of  the  earth 
upon  which  a  building  is  to  be  erected  the  Department  of  Buildings 
may  order  borings  to  be  made,  or  direct  the  sustaining  power  of 
the  soil  to  be  tested  by  and  at  the  expense  of  the  owner  of  the  pro- 
posed buildmg. 

"  The  loads  exerting  pressure  under  the  footings  of  foundations 
in  buildings  more  than  three  stories  in  height  are  to  be  computed 
as  follows: 

"  For  warehouses  and  factories  they  are  to  be  the  full  dead  load 
and  the  full  live  load  established  by  this  code,  which  also  gives  the 
loads  from  other  buildings. 

"Footings  shall  be  so  designed  that  the  loads  wilt  be  as  nearly 
uniform  as  possible  and  not  in  excess  of  the  safe  bearing  capacity 
of  the  soil,  as  hereinbefore  given. 

"  Every  building,  except  buildings  erected  upon  solid  rock  or  build- 
ings'erectcd  upon  wharves  and  piers  on  the  water-front,  shall  have 
foundations  of  brick,  stone,  iron,  steel,  or  concrete  laid  not  less  than 
4  feet  below  the  surface  of  the  earth,  on  the  solid  ground  or  level 
surface  of  work,  or  upon  piles  or  ranging  timbers  when  solid  earth 
or  rock  is  not  found. 

"  Piles  intended  to  sustain  a  wall,  pier,  or  post  shall  be  spaced 
not  more  than  36  nor  less  than  20  inches  on  centers,  and  they  shall 
be  driven  to  a  solid  bearing  if  practicable  to  do  so,  and  the  number 
of  such  piles  shall  be  BuE&cient  to  support  the  superstructure  pro- 
posed. 

"  No  pile  shall  be  used  of  less  dimensions  than  5  inches  at  the 
small  end  and  10  inches  at  the  butt  for  short  piles,  or  piles  20  feet 
or  less  in  length,  and  20  inches  at  the  butt  for  long  piles,  or  piles 
more  than  20  feet  in  length. 

"  No  pile  shall  be  weighted  with  a  load  exceeding  40,000  pounds. 

"  When  a  pile  is  not  driven  to  refusal,  its  safe  sustaining  power 
shall  be  determined  by  the  following  formula:  Twice  the  weight 
of  the  hammer  in  tons  multiplied  by  the  height  of  the  fall  in  feet 
divided  by  least  penetration  of  pile  under  the  last  blow  in  inches 
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plus  one,  Tlie  Commissioner  of  Buildings  shall  he  notified  of  the 
time  when  such  test  piles  will  be  driven,  that  he  may  be  present 
in  person  or  by  representative. 

"  The  tops  of  all  piles  shall  be  cut  off  below  the  lowest  water-line. 

"  When  required,  concrete  shaU  be  rammed  down  in  the  interspaces 
between  the  heads  of  the  piles  to  a  depth  and  thickness  of  not  less 
than  12  inches  and  for  i  foot  in  width  outside  of  the  piles. 

"  Where  ranging  and  capping  timbers  are  laid  on  piles  for  founda- 
tions, they  shall  be  of  hard  wood  not  less  than  6  inches  thick  and 
properly  joined  together,  and  their  tops  laid  below  the  lowest  water- 
line. 

"  Where  metal  is  incorporated  in  or  forms  part  of  a  foundation 
it  shall  be  thoroughly  protected  from  rust  by  paint,  asphaltum,  con- 
crete, or  by  such  materials  and  in  such  manner  as  may  be  approved 
by  the  Commissioner  of  Buildings. 

"When  footings  of  iron  or  steel  for  columns  are  placed  below 
the  water-level,  they  shall  be  similarly  coated,  or  inclosed  in  con- 
crete, for  preservation  against  rust. 

"  When  foundations  are  carried  down  through  earth  by  piers  of 
stone,  brick,  or  concrete  in  caissons,  the  loads  on  same  shall  be  qot 
more  than — 

"  Fifteen  tons  to  the  square  foot  when  carried  down  to  rock; 

"  Ten  tons  to  the  square  foot  when  carried  down  to  firm  gravel 
or  hard  clay; 

"  Eight  tons  to  the  square  foot  in  open  caissons  or  sheet-pile 
trenches  when  carried  down  to  rock. 

"  Wood  piles  may  be  used  for  the  foundations  under  frame  build- 
ings built  over  the  water  or  on  salt-meadow  land,  in  which  case 
the  piles  may  project  above  the  water  a  sufficient  height  to  raise 
the  building  above  high  tide,  and  the  building  may  be  placed  directly 
thereon  without  other  foundation. 

"Foundation  walls  shall  be  construed  to  include  all  walls  and 
piers  built  below  the  curb  level,  or  nearest  tier  of  beams  to  the  curb, 
to  serve  as  supports  for  walls,  piers,  columns,  girders,  posts,  or  beams. 

"  Foundation  walls  shall  be  built  of  stone,  brick,  Portland  cement 
concrete,  iron,  or  steel, 

"  If  built  of  nibble  stone  or  Portland  cement  concrete,  they  shall 
be  at  least  8  inches  thicker  than  the  wall  next  above  them  to  a  depth 
of  12  feet  below  the  curb  level;  and  for  every  additional  lo  feet, 
or  part  thereof,  deeper  they  shall  be  increased  4  inches  in  thickness. 

"If  built  of  brick,  they  shall  be  at  least  4  inches  thicker  than 
the  wall  next  above  them  to  a  depth  of  12  feet  below  the  curb  level; 
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and  for  every  additional  lo  feet,  or  part  thereof,  deeper  they  shall 
be  increased  4  inches  in  thickness, 

"  The  footing  or  base  course  shall  be  of  stone  or  concrete,  or  both, 
or  of  concrete  and  stepped-up  brickwork,  of  sufficient  thickness 
and  area  to  safely  bear  the  weight  to  be  imposed  thereon. 

"  If  the  footing  or  base  course  be  of  concrete,  the  concrete  shall 
not  be  less  than  12  inches. 

"  If  of  stone,  the  stones  shall  not  be  less  than  2X3  feet,  and  at 
least  8  inches  in  thickness  for  walls;  and  not  less  than  10  inches  in 
thickness  if  under  piers,  columns,  or  posts. 

"  The  footing  or  base  course,  whether  formed  of  concrete  or  stone, 
shall  be  at  least  12  inches  wider  than  the  bottom  width  of  walls, 
and  at  least  12  inches  wider  on  all  sides  than  the  bottom  width  of 
said  piers,  columns,  or  posts. 

"  If  the  superimposed  load  is  such  as  to  cause  undue  transverse 
strain  on  a  footing  projecting  12  inches,  the  thickness  of  such  footing 
is  to  be  increased  so  a.s  to  carry  the  load  with  safety. 

"  For  small  structures  and  for  smalt  piers  sustaining  light  loads, 
the  Commissioner  of  Buildings  ha\'ing  jurisdiction  may,  in  his  dis- 
cretion, allow  a  reduction  in  the  thickness  and  projection  for  foot- 
ings or  base  courses  herein  specified. 

"  All  base  stones  shall  be  well  bedded  and  laid  crosswise,  edge 
to  edge. 

"  If  stepped-up  footings  of  brick  are  used,  in  place  of  stone,  above 
the  concrete,  the  offsets,  if  laid  in  single  courses,  shall  each  not 
exceed  ij  inches,  or  if  laid  in  double  courses,  then  each  shall  not 
exceed  3  inches,  offsetting  the  first  course  of  brickwork,  back  one- 
half  the  thickness  of  the  concrete  base,  so  as  to  properly  distribute 
the  load  to  be  imposed  thereon. 

"If,  in  place  of  a  continuous  foundation  wall,  isolated  piers  are 
to  be  built  to  support  the  superstructure,  where  the  nature  of  the 
ground  and  the  character  of  the  building  make  it  necessary,  in  the 
opinion  of  the  Commissioner  of  Buildings  having  jurisdiction,  inverted 
arches  resting  on  a  proper  bed  of  concrete,  both  designed  to  transmit 
with  safety  the  superimposed  loads,  shall  be  turned  between  the  piers. 
The  thrust  of  the  outer  piers  shall  be  taken  up  by  suitable  wrought- 
iron  or  steel  rods  and  plates. 

"  Grillage  beams  of  wrought  iron  or  steel  resting  on  a  proper  con- 
crete bed  may  be  used.  Such  beams  must  be  provided  with  separators 
and  bolts  inclosed  and  filled  solid  tietween  with  concrete,  and  of 
such  sizes  and  so  arranged  as  to  transmit  with  safety  the  superim- 
posed loads. 
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"All  stone  walls  24  inches  or  less  in  thickness  shall  have  at  least 
one  header  extending  through  the  wall  in  every  3  feet  in  height 
from  the  bottom  of  the  wall,  and  in  every  3  feet  in  length,  and  if 
over  24  inches  in  thickness,  shall  have  one  header  for  every  6  super- 
ficial feet  on  both  sides  of  the  wall,  laid  on  top  of  each  other  to  bond 
together,  and  running  into  the  wall  at  least  a  feet. 

"  All  headers  shall  be  at  least  12  inches  in  width  and  8  inches  in 
thickness  and  consist  of  good  flat  stones. 

"  No  stone  shall  be  laid  in  such  walls  in  any  other  position  than 
on  its  natural  bed. 

"No  stone  shall  be  used  that  does  not  bond  or  extend  into  the 
wall  at  least  6  inches. 

"  Stones  shall  be  firmly  bedded  in  cement  mortar  and  all  spaces 
and  joints  thoroughly  filled." 

The  subject  of  Allowable  Pressure  on  Deep  Foundations  is 
discussed  in  a  valuable  monograph  by  the  eminent  engineer,  Elmer 
L.  CorthcU.  As  Consulting  Engineer  for  the  port  works  of  the 
Argentine  Government,  it  became  necessary  to  arrive  at  a  reliable 
figure  for  the  pressure  proper  to  allow  on  the  bottom  for  sea-walls  to 
be  founded  by  compressed  air.  Finding  the  data  to  be  very  unsatis- 
factory, Mr,  Corthell  caused  a  search  to  be  made,  and  has  published 
in  the  monograph  mentioned  the  results  of  his  investigations.  As 
every  engineer  engaged  in  foundation  work  should  own  a  copy  of 
this  book,  only  the  conclusions  drawn  by  Mr.  Corthell  will  be  given: 

"This  analysis  is  based  on  the  various  classes  of  material  so  far 
as  they  could  be  ascertained  and  classified. 

"  The  pressures  of  stable  structures  on  fine  sand  range  from 
2.25  tons  of  2000  pounds  to  g,8o  tons,  with  an  average  of  4.5  tons 
with  ten  examples. 

"  On  coarse  sand  and  gravel  from  2.40  tons  to  7.75  tons,  with 
an  average  of  5.1  tons  with  thirty-three  examples. 

"  On  sand  and  clay  from  2,5  tons  to  8.5  tons,  with  an  average 
of  4.9  tons  with  ten  examples. 

"  On  alluvium  and  silt  from  1.5  to  6.2  tons,  with  an  average  of 
2.9  tons  with  seven  examples. 

"  On  hard  clay  from  2.0  tons  to  8.0  tons,  with  an  average  of  5.08 
tons  with  sixteen  examples, 

"  On  hardpan  from  3.0  tons  to  12.0  tons,  with  an  average  of  8.7 
tons  with  five  examples, 

"  The  above  cases  show  no  settlement.  The  range  is  considerable, 
and,  no  doubt,  in  the  case  of  the  minimum  pressure  a  much  larger 
weight  could  have  been  imposed  on  the  material  without  producdng 
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settlement.  So  that,  for  a  safe  rule,  the  average  is  low  and  a  safe 
one  would  lie  somewhere  between  the  averages  above  given  and  the 
maximum  pressures. 

"  We  find  three  cases  where  notable  settlement  took  place  in 
fine  sand  where  the  range  was  from  1.8  ton  to  7.0  tons,  and  the 
average  was  5.2  tons;  no  doubt  the  case  of  the  minimum  was  one  of 
loose  quicksand  unconstrained. 

"  In  clay- -largely  cases  of  London  clay — we  find  five  examples 
where  the  pressures  range  from  4.50  tons  to  5.60  tons,  with  an  aver- 
age of  5-2  tons,  quite  uniform  pressures. 

"  In  alt  and  alluvium  we  have  two  cases  of  settlement  which 
were  1.6  ton  and  7.6  tons,  a  wide  variation. 

"  There  are  three  cases  of  failure  on  sand  and  clay  mixed,  the 
pressures  ranging  from  1.6  tons  (Chicago)  to  7.4  tons,  an  average  of 
3.3  tons.  It  is  to  be  noted  that  there  was  given  above  an  average 
of  4.9  tons,  and  ten  examples,  ranging  from  2.5  tons  to  8.5  tons, 
where  no  settlement  ocurred  in  similar  material. 

"  The  records  of  frictional  resistance  are  quite  variable  also. 
In  ten  cases  of  cylinder  piers,  the  average  was  540  pounds  per  square 
foot,  ranging  from  300  to  1500  pounds,  gravel  appearing  to  show  the 
greatest  amount  (1500  pounds),  and  mud  the  least. 

"  In  respect  to  masonry  piers,  of  which  we  have  twenty-three 
examples,  the  range  is  from  300  pounds  per  square  foot  in  sand  and 
gravel  to  1000  pounds  in  sand  and  clay,  with  an  average  of  522  pounds. 
Walls,  quays  and  otherwise,  show  an  average  of  270  pounds  per 
square  foot,  with  a  range  from  205  pounds  to  450  pounds  with  five 
examples." 

Some  very  valuable  data  on  the  bearing  capacity  of  clay  is  given 
in  Chapter  XXIX  on  the  Antwerp  quay  wall,  and  a  very  valuable 
formula  given  for  varying  depths.  A  general  formula  will  be  found 
in  Chapter  XXV. 
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Piers  of  a  bridge  cannot  always  be  located  with  reference  to 
easy  construction  nor  spaced  at  economical  distances  apart.  In 
thickly  settled  parts  of  a  country,  or  as  part  of  an  existing  line  of 
communication,  the  bridge  must  be  located  usually  in  a  portion 
previously  determined,  and  the  piers  can  only  be  spaced  with  regard 
to  economy,  provided  due  regard  can  at  the  same  time  be  paid  to 
the  needs  of  navigation,  government  requirements,  and  sufficient 
waterway. 

Where  the  bridge  is  to  be  constructed  in  a  new  country,  or  upon 
a  new  line  of  road,  the  crossing  should  be  selected  where  the  river 
is  of  moderate  width;  that  is,  not  so  wide  as  to  demand  a  structure 
of  excessive  length  and  probably  of  excessive  cost,  nor  so  narrow 
that  the  current  will  be  exceedingly  swift  and  make  the  foundations 
very  difficult  and  costly  to  build,  unless,  of  course,  it  is  narrow 
enough  to  admit  of  using  a  one-span  structure  at  a  reasonable  cost. 
The  two-hinged  plate-girder  arch.  Fig.  312,  constructed  by  the 
author  at  Youngstown,  Ohio,  has  a  span  of  210  feet,  and  while  con- 
structed largely  for  a;sthetic  reasons,  it  was  also  economical  on 
account  of  the  very  considerable  height,  to  avoid  a  pier  in  the  river. 

On  all  the  large  navigable,  rivers,  the  channel  is  fixed  and  the 
length  of  the  channel  span  prescribed  by  law,  as  is  also  the  method 
of  procedure  m  obtaining  the  approval  of  the  government  engineers. 
The  Secretary  of  War  must  be  furnished  with  a  copy  of  the  State 
law  r.uthorizing  the  construction  of  the  bridge,  certified  to  by  the 
Secretary  of  State  under  seal;  drawings  in  triplicate  showing  the 
general  plan  of  the  bridge;  a  map  in  triplicate  showing  the  loca- 
tion of  the  bridge,  giving,  for  the  distance  of  one  mile  above  and 
one-half  mile  below  the  proposed  location,  the  high-  and  low-water 
lines  upon  the  banks  of  the  stream,  the  direction  and  strength  of  the 
current  at  high  and  low  water,  with  the  soundings  accurately  show- 
ing the  bed  of  the  stream,  and  the  location  of  any  other  bridge  or 
bridges,  such  map  to  be  sufficiently  in  detail  to  enable  the  Secretary 
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of  War  to  judge  of  the  proper  location  of  the  bridge.  In  addition 
to  the  above,  if  the  applicant  is  a  corporation,  there  will  be  required 
a  certified  copy  of  its  articles  of  incorporation,  a  certified  copy  of  the 
minutes  of  the  organization  of  the  company,  and  an  abstract  of  the 
minutes  of  the  corporation,  showing  the  present  officers  of  the  com- 
pany, all  duly  certified  to. 

When  the  location  of  the  bridge  has  been  made,  a  thorough 
examination  of  the  site  must  be  instituted.  Soundings  must  be 
made  to  determine  the  depth  of  the  stream  at  low  water.  Ordinary 
and  extreme  high-water  lines  must  be  established  and  the  flow 
of  the  stream  be  obtained.  A  careful  examination  must  be  carried 
out  as  to  the  character  of  the  river  bed,  and  drillings  made  to  learn  . 
the  character  and  thickness  of  strata  and  the  distance  to  bed-rock, 
as  well  as  the  quality  of  it. 

Borings  to  a  small  depth  may  be  made  by  hand-drills  (Fig.  313,  ^4), 
which  are  operated  by  striking  with  a  sledge  and  turned  constantly 


B^ 


Fro.  313. — Hani>-drill  and  Swab, 

to  keep  a  round  bore,  or  if  long  and  heavy  they  will  cut  their  %vay, 
if  simply  raised  up  and  allowed  to  drop,  with  their  own  weight. 
The  hole  is  kept  partly  filled  with  water  and  can  be  cleaned  out 
with  a  small  sand-pump  or  with  a  swab  (Fig.  313,  B)  made  from  a 
stick  slivered  at  the  end,  which  will  also  bring  up  samples. 

The  Pierce  steel  prospecting  auger  is  a  tool  which  can  also  be 
used  without  a  derrick  to  bore  test  holes  from  10  to  50  feet  into 
loose  soils  or  clay.  Holes  from  25  to  6  inches  in  diameter  can  be 
drilled  and  samples  obtained.  The  auger  can  be  turned  either  by 
hand-wrenches  or  by  horse-power.' 

WTiere  the  borings  are  to  be  of  an  extensive  character  a  well-drill- 
ing machine  can  be  utilized,  such  as  shown  in  Fig.  314,  and  which 
can  be  run  onto  an  ordinary  flatboat  and  towed  to  place. 

The  tools  for  drilling  are  a  temper  screw  for  regulating  the  height 
of  the  drill,  a  sinker  bar  to  give  the  weight,  steel  jars,  and  driDing- 
bits.  A  sand-pump  is  used  to  clean  the  hole  and  obtain  samples; 
rope-spears,  rope-knives,  and  fishing-tools  to  remove  lost  rope, 
tools,  and  pebbles  or  other  obstructions.    The  drill  holes,  unless 
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through  rock,  are  cased  with  iron  pipe  which  can  be  withdrawn  when 
the  hole  is  completed. 

The  borings  made  by  the  Mist>issippi  River  Commission  were 


n  Well-drilleb. 


very  extensive,  and  a  special  tripod  apparatus  (Fig.  315)  was  devised 
with  a  view  to  easy  transportation  and  easy  repair  in  the  field.  The 
tripod  was  30  feet  in  height,  with  a  strong  head  or  cap,  surmountcel 
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by  a  galvanized-iron  guide-pipe  20  feet  in  height,  in  two  sections, 
and  held  in  place  with  guy-ropes.  The  men  operating  the  tools 
stood  upon  the  triangular  platforms  which  were  attached  to  the 


-mm 


legs.  The  casing  was  iron  pipe  in  lo-foot  lengths  and  screwed  together 
so  as  to  present  a  smooth  surface,  while  the  bottom  was  provided 
with  a  steel  cutting-shoe,  having  a  mouth  slightly  larger  than  the  pipe. 
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The  sinking  is  accomplished  by  driving  and  twisting,  the  driving 

being  done  by  means  of  the  clamp  on  the  pipe  and  the  maul  sliding 

on  the  pipe.     (Fig.  316).    The  weight  of  the  maul  is  from  80  to  100 

pounds  and  is  worked  by  three  men  giving  it  a  lift  of  about  2  feet,  the 

best  results  being  obtained  when  the  men  act  in  concert  and  give 

rapid  blows.    The  removal  of  the  core  and  samples  is  accomplished 

by  means  of  the  various  tools  shown  in  Fig, 

315' and  requires  great  care  and  considerable 

experience.    The  pump  was  raised  and  lowered 

by  means  of  the  reel  attached  to  one  leg  of 

the  tripod,  and  its  distance  from  the  surface 

noted  from    graduations  on  the  pump-rod. 

When  the  boring  is  completed   the   tube  is 

withdrawn  by  a  system  of  compound  levers, 

assisted  by  a  set  of  differential  blocks  when 

necessary,  as  the  force  exerted  was  often  as 

much  as  the  strength  of  the  pipe  at  the  joints. 

The  pebble-tongs  were   for  use  in  removing 

large   pebbles  which    would  not  enter  the 

pumps,  and  for  recovering  lost  tools  or  the 

pump  itself  in  case  of  becoming  detached. 

The  above  account  is  taken  from  the  report 
of  J.  W.  Nier,  assistant  engineer,  to  which 
reference  must  be  made  for  other  details. 

The  poor  results  obtained  in  examining 
the  bottom  by  means  of  any  of  the  preceding 
methods  of  making  borings  has  been  mentioned 
in  a  number  of  places  in  the  preceding 
chapters,  and  practically  the  only  type  of 
borings  that  can  be  relied  upon  are  core 
borings,  made  with  a  diamond  drill,  or  some 
modification  of  it.  Fio.  316.— Clamp  and 

The  borings  for  the  Chicago   &  North-  Maul. 

western  Railroad  Company  bridge  over  the 

Mississippi  River  at  Clinton,  Iowa,  were  first  made  by  a  chum  drill, 
as  shown  in  Fig.  317,  where  the  dotted  line  was  the  supposed  bed- 
rock. By  the  use  of  a  Sullivan  diamond  drill  the  bed-rock  as  shown 
by  the  solid  line  was  actually  found  in  some  places  to  be  over  30  feet 
below  the  original  rock  profile. 

Core  borings  can  be  made  with  a  diamond  drill,  operated  by  gasoline 
or  steam,  Fig.  318,  or  by  hand.  Fig.  319.  The  diamond  drill  consists 
of  a  hollow  bit  in  which  are  set  "  black  diamonds  "  or  carbon.     This 
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bit  is  attached  to  a  hollow  rod  made  up  in  $-  or  lo-foot  sections, 
screwed  together  so  that  the  tool  can  be  lengthened  as  the  depth  of 
the  hole  increases.  About  every  8  or  lo  feet  the  drill  rod  is  hoisted 
out  and  the  core  removed,  it  being  caught  or  held  by  a  core-lifter. 
This  apparatus  will  operate  just  as  well  through  the  water  or  soft 
material  as  it  would  to  start  in  on  the  dry  ground  surface,  so  that  for 
testing  the  bed  of  a  river  or  the  bottom  under  any  body  of  water,  it 
can  be  readily  used,  and  will  give  the  exact  truth.  It  is  necessary 
that  great  care  should  be  exercised  in  selecting  the  carbon  best 
suited  for  this  work,  and  this  should  be  done  by  the  manufacturer 
or  someone  having  considerable  experience.     Where  the  work  is  not 


Fig.  317.— Test- 
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extensive  enough  to  break  in  a  crew  of  men,  they  should  be  obtained 
through  someone  that  can  furnish  at  least  an  experienced  operator, 
although  where  the  work  will  last  some  time,  a  first-class  stationary 
engineer  can  soon  learn  to  detect  when  the  drill  is  getting  into  loose 
material  that  will  cave,  and  so  avoid  trouble.  An  unskillful  operator 
will  often  lose  the  hole  or  cause  a  great  amount  of  wear  on  the  tools 
and  break  up  a  lot  of  carbon.  The  diamonds,  or  carbon,  must  be 
set  in  the  bit  by  someone  having  experience  in  fitting  them  up. 
Work  of  this  character  will  be  undertaken  on  contract  by  the  manu- 
facturers at  varying  prices,  according  to  the  amount  and  character 
of  the  work. 

The  cost  of  the  drilling  for  the  Chicago  &  Northwestern  R.  R. 
work  already  referred  to  averaged  Si  .83  per  vertical  foot.    These 
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cores  were  2  inches  in  diameter,  although  smaller  corer,  can  be  taken 
out  if  the  work  is  done  carefully.  Where  there  is  a  very  extended 
series  of  borings  to  be  made,  the  cost  might  be  reduced  to  as  low 
as  $1.50  per  foot,  but  will  range  from  this  to  $2.50  to  $3  per  foot 


Fic.  318. — Sullivan  Power  Dluiond  Drox. 


for  difBcult   work;    but   this  is  low-priced    insurance  for    knowing 
exactly  what  class  of  material  is  being  dealt  with. 

The  conclusions  arrived  at  by  F.  H.  Bainljridge,  Engineer  on  the 
Chicago  &  Northwestern  R.  R.,  arc  as  follows: 
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"  The  final  location  of  the  caisson  can  be  accurately  detemiined 
by  core  borings,  and  cut  stone  and  timber  ordered  without  any  waste 
or  delay  waiting  for  material  for  which  no  provision  had  been  made. 

"  The  contractor  in  bidding  on  the  work  knows  exactly  what 
material  is  to  be  encountered,  and  will  make  a  lower  bid  when  there 
is  no  uncertainty.  The  difference  in  cost  between  handling  in  a 
caisson,  material  which  can  be  taken  out  through  the  blowpipe, 
and  material  which  must  be  locked   out  in  buckets   is  very  great. 


Fig.  319,— SomvAN  Hand  and  Powek  Uiauond  Dmiu.. 


"  The  piers  can  be  located  in  the  most  economical  position. 
Often  a  change  of  a  few  feet  in  locating  a  pier  may  make  a  diflerence 
in  cost  of  tens  of  thousands  of  dollars. 

"  Much  can  be  learned  as  to  the  character  of  the  foundation 
that  cannot  be  learned  from  the  interior  of  the  caisson.  In  limestone 
formations  subterranean  caverns  are  common,  and  in  both  lime  and 
sandstone  formations  overhanging  subterranean  cliffs  are  found. 
The  existence  of  these  can  be  determined  with  the  drill,  but  cannot 
be  learned  from  the  interior  of  the  caisson." 


D.qit.zeaOvGoOt^lc 


LOCATION  AND  DESIGN  OF  PIERS  433 

The  McKieman-Terry  core  drill  is  operated  with  a  shot  bit 
instead  of  a  bit  set  with  diamonds,  and  many  records  show  it  to  be 
less  expensive  for  making  borings  than  the  diamond  drill,  cores  hav- 


Fig.  330.— McKiebnan-Tebsy  Cobe  Drill. 

ing  been  taken  out  up  to  4  inches  in  diameter  at  a  total  cost  of  less 
than  $1.50  per  foot.  It  is,  of  course,  possible  to  get  better  cores  from 
friable  material  with  a  large  core  than  with  a  small  one,  and  perfect 
cores  up  to  i6j  inches  are  taken  out  with  the  standard  machines, 
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but  they  may  be  fitted  with  tools  up  to  60  inches  in  diameter  where 

it  is  only  necessary  to  go  but  a  short  distance.      The  class  "  Z-i  " 

drill  is  shown  in  Fig.  320,  and  the  shot  bit  is  shown  in  Fig.  321. 

The  drilling,  of  course,  is  not  done  with  perfect  shot, 

but   by  the   broken   pieces  which   are  angular  in 

shape. 

The  class  "  Z-i  "  drill  is  employed  for  prospect- 
ing and  testing  work.  Its  light  weight  commends 
its  use  for  such  purposes,  particularly  in  places 
inaccessible  to  a  larger  and  heavier  apparatus.  The 
net  weight  of  the  drill  shown  in  the  cut  on  the 
preceding  page  is  437  pounds.  It  can  be  knocked 
down  and  boxed  in  packages  of  convenient  size  for 
mule- back  transportation. 

The  capacity  of  the  "  Z-i  "  drill  is  400  feet,  to 
which  depth  it  will  bore  a  2i-inch  hole  and  cut  a 
i^-inch  core.  Larger  tools  may  be  used,  which  will 
bore  a  3-inch  hole  to  a  depth  of  250  feet  and  cut  a 
if  inch  core.  The  power  to  operate  this  drill  is  gen- 
erallj'  supplied  by  a  gasoline  motor,  to  which  it  is 
belt-connected,  although  a  steam  engine,  electric 
motor,  or  horse-power  may  be  used  if  preferred.  The 
drill  is  fitted  with  a  swivel  head,  which  permits  of 
drilling  up  to  an  angle  of  45  degrees  with  the 
vertical. 

On  the  rear  of  the  frame  is  mounted  a  liand  hoist, 
used  for  raising  or  lowering  the  drill  rods  in  the  bore 
hole  and  for  driving  casing  through  soil  to  bed-rock. 
Pressure  on  the  drilling  tools  is  appUcd  by  means 
of  the  sensitive  feeding  device  shown  in  the  cut. 

A  tripod  derrick  is  generally  used  with  this  drill, 

and,  as  a  rule,  it  is  built   from   timber  cut  on  the 

ground.    It  should  be  of  sufficient  height  to  admit 

of  two  lengths,  or  so  feet,  of  drill  rods,  being   raised 

Fic    III —Shot    ^^  ^  P""'    For  shallow  boles,  where  but  little  power 

Bit  for  Core     '^  required  to  rotate  the  rods,   the  drill  can  be  ar- 

DwLL.  ranged  for  operation  by  hand.     Particulars  regarding 

such  equipment  will  be  furnished"  on  application. 

When  the  examination  of  the  site  has  been  completed  and  the 

borings  finished,   the  form   of   foundations  may  be  decided   upon, 

due  weight  being  given  to  good  foundations  and  to  the  allowable 

expenditure.    Should  the  obtaining  of  good  foundations  be  seen  to 
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be  very  expensive,  long  spans  must  be  adopted  to  require  few  piers 
in  the  river;  but  if  inexpensive,  much  shorter  spans,  with  more 
piers,  may  be  used. 

The  length  of  spans  for  a  least  cost  of  structure  was  formerly 
assumed  to  be  decided  when  the  cost  of  one  span  was  made  equal 
to  the  cost  of  one  pier,  and  for  spans  of  certain  capadty  this  might  be 
approximately  true,  but  a  very  neat  mathematical  solution  of  this 
problem  by  Alfred  D.  Ottewell,  consulting  engineer,  was  published 
in  the  Engineering  News  of  Dec.  14,  1889.  The  total  length  of 
the  structure  in  feet  was  represented  by  /,  the  number  of  spans 
by  n,  the  length  of  one  span  in  feet  l-i-n  by  s,  the  cost  of  one  s[)an  in 
dollars  by  c,  the  cost  of  one  pier  in  dollars  by  p,  the  total  cost  of  the 
structure  in  dollars  by  y,  while  a  and  6  are  constants. 

From  the  estimated  cost  of  a  large  number  of  spans,  a  curve 
of  costs  was  plotted  and  the  following  equation  of  a  parabola  deduced: 

«-.+^=°^- (.) 

Since  there  are  n  spans  and  «  +  i  piers,  the  total  cost  of  the  structure 
would  be 

y  =  Kc+(n  +  i)p {2) 

Then  by  substituting  the  value  of  c  from  (i),  reducing  and  making 
the  first  differential  cocfiicient  equal  to  zero,  the  cost  of  one  pier 
is  obtained,  which  will  make  the  total  cost  of  the  structure  a  min- 


-((1&+400) 


Or  when  the  cost  of  a  pier  has  been  estimated,   the    economical 
length  of  span  may  be  found  by  a  transposition  of  the  above  formula: 


s=^Vab+40o+pb (4) 

The  values  of  a  and  b  may  be  found  by  substituting  in  equa- 
tion (i)  computed  values  of  the  cost  of  a  number  of  spans  for  an 
actual  loading.  Values  of  s,  p.  and  c  may  then  be  computed  and 
tabulated  for  spans  from  100  feet  upwards,  as  formula  (1)  is  not 
true  for  shorter  lengths. 
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In  an  actual  calculation  for  B.  &  O.  R.R.  loading,  which  con- 
sisls  of  two  125-ton  engines  followed  by  a  4000-pound  per  lineal 
foot  train-load,  a  was  found  equal  to  1950  and  h  to  3.05.  Assuming 
a  case  where  the  length  of  the  bridge  is  700  feet,  where  the  height 
of  the  piers  will  average  25  feet,  and  the  average  cost  of  piers  and 
abutments  be  $4310,  then  from  formula  (4)  the  economical  span 
will  be  found  equal  to  160  feet.  The  total  cost  of  the  structure  will 
be  found,  by  using  formula  (i),  and  the  cost  of  piers  as  above,  to  be 
$59,700;  while  with  only  four  spans  of  175  feet  the  total  cost  would 
exceed  $60,800,  and  with  six  spans  of  117  feet  would  be  about  $61,400. 

Should  there  be  any  doubt  as  to  the  ease  of  obtaining  founda- 
tions, the  prudent  engineer  might  deem  it  wise,  however,  to  build 
the  four-span  structure  and  avoid  the  risk  and  delay  which  would 
be  caused  bj'  another  foundation  in  the  river. 

After  deciding  upon  the  number  and  location  of  the  piers,  they 
must  be  designed  with  reference  both  to  their  being  as  slight  obstruc- 
tions to  the  water  as  possible  and  to  their  architectural  appearance. 

Particular  attention  was  given  to  the  design  of  piers  by  the 
late  Geo.  S.  Morison,  consulting  engineer,  whose  work  on  the  bridges 
across  our  great  rivers  is  notable  for  its  strength,  simplicity,  and 
finished  appearance.  In  a  lecture  he  described  the  process  of  the 
design  of  some  large  piers:  "  Fourteen  years  ago  I  had  occasion 
to  design  a  bridge  pier  for  a  bridge  across  one  of  our  Western  rivers, 
and  I  tried  to  make  an  ornamental  pier.  When  the  plans  were  com- 
pleted I  did  not  like  them.  One  change  after  another  was  made, 
all  tending  to  simplicity.  Finally  the  plans  were  dpne.  From  high 
water  down,  the  pier  was  adapted  to  pass  the  water  with  the  least 
disturbance;  it  had  parallel  sides  and  the  ends  were  formed  of  two 
circular  arcs  meeting.  Above  high  water  the  ends  were  made  semi- 
circular instead  of  being  pointed.  The  pier  was  built  throughout 
with  a  batter  of  one  in  twenty-four.  A  coping  2  feet  wider  than 
the  body  of  the  pier  projected  far  enough  to  shed  water,  and  the 
projection  was  divided  between  the  coping  and  the  course  below. 
Another  coping  with  a  less  projection  surmounted  the  pointed  ends 
where  the  shape  was  changed.  It  was  as  simple  a  pier  as  could  be 
built,  and  in  every  way  fitted  to  do  its  duty,  I  had  started  to  make 
a  handsome  pier.  The  pier  that  was  exactly  what  was  wanted  for 
the  work  was  the  only  one  that  satisfied  the  demands  of  beauty. 
Forty-three  piers  of  precisely  this  design,  no  change  having  been  made 
except  in  the  varjing  dimensions  required  for  different  structures, 
besides  eight  others  in  which  only  the  lower  parts  are  modified, 
are  now  standing  in  eleven  different  bridges  across  three  great  Western 
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rivers.  In  designing  a  pier  it  must  be  remembered  that  the  portion 
of  the  pier  below  the  water  has  more  to  do  with  the  free  passage  of 
the  water  than  that  above  water.  In  a  deep  river  the  model  form 
of  the  pier  should  begin  near  the  bottom  of  the  river  and  not  at  low 
water.  Many  rivers  in  flood  time  carry  a  great  amount  of  drift. 
A  pier  like  that  which  I  have  described  catches  but  little  of  this  drift. 
If,  however,  a  rectangular  foundation  terminates  but  little  below 
water,  that  foundation  may  both  disturb  the  current  and  catch 
the  drift," 

The  piers  of  the  Omaha  bridge  which  carries  the  Union  Pacific 
across  the  Missouri  River  are  illustrated  in  Fig.  322,  and  were 
constructed  as  described  and  are  among  the  most  beautiful  piers  in 
this  country. 

In  Europe,  where  money  is  more  lavishly  expended  on  great 
works  of  engineering,  piers  of  great  architectural  beauty  are  much 
more  frequent.  The  Russian  Government  railways,  which  have 
seemingly  been  constructed  without  regard  to  expense,  have  many 
beautiful  examples  of  bridge  masonry  and  piers;  the  view  of  one  of 
them  (Fig.  323),  with  curved  ends,  shows  the  elegant  and  massive 
character  of  the  masonry.  While  extremely  simple  in  design,  the 
cut-stone  coping  and  the  molded  corbel  course  below  give  it  a  finish 
which  cannot  be  surpassed. 

The  design  of  piers  for  strength  and  stability  is  fuUy  treated 
in  Baker's  "  Masonry  Construction,"  but  some  experiments,  which 
were  made  with  reference  to  the  propjer  form  to  occasion  the  least 
resistance,  will  be  quoted  at  length  from  Cresy. 

The  introduction  of  piers  into  a  channel  gives  rise  to  a  great 
disturbance  in  the  velocity  and  flow  of  the  water.  Rapid  currents 
are  formed  which  cause  the  bed  of  the  stream  to  become  washed 
and  the  foundations  to  be  endangered;  eddies  are  created  which 
are  likewise  undesirable,  and  it  becomes  necessary  to  adopt  such  a 
form  for  the  ends  of  the  piers  that  the  disturbance  to  the  flow  shall 
be  small. 

M.  Bossut,  in  a  French  work  on  Jetties,  thought  to  have  solved 
this  problem  by  mathematics,  his'  conclusion  being  that  the  starling 
should  be  triangular,  the  nose  being  a  right  angle. 

M.  Dubaut,  in  his  "  Principles  of  Hydraulics,"  gave  another 
solution  which  was  more  nearly  the  truth,  in  that  he  arrived  at 
the  conclusion  that  the  faces  of  the  starling  should  be  convex  curves. 
The  true  form  is  most  nearly  reached  when  these  curves  are  tangent 
to  the  sides  of  the  pier,  and,  further  than  this,  regard  must  be  paid 
to  giving  enough  solidity  to  the  starlings  to  protect  them  from  ice 
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Fig.  32a.— Pieb  of  Ouaha  Bridge,  Union  Pacific  S¥STESir,-,.-.Q|p 
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and  drift.  A  happy  medium  would  seem  to  be  reached  by  making 
the  curves  with  a  radius  equal  to  one-sixth  of  the  circumference, 
described  on  the  sides  of  an  equilateral  triangle. 

Experiments  were  made  with  models  of  different  forms,  which 
were  placed  in  a  rectangular  canal  between  boards  of  50  centimeters 
in  length,  in  which  the  water  flowed  about  40  millimeters  in  height, 
the  models  being  15  centimeters  in  thickness.     By  means  of  a  fall, 


Fic.  323. — Russian  Pieb,  Russian  State  Railways. 

the  water  was  given  a  velocity  of  3  meters  9  centimeters  per  second, 
the  contraction,  eddies,  and  currents  being  carefully  measured. 
The  first  experiment  was  made  on  a  pier  (Fig,  324  a)  with  rectangular 
starling.  An  eddy  was  formed  before  the  pier  34  millimeters  high, 
in  a  nearly  circular  band  A,  falling  nearly  vertical  at  the  corner. 
There  were  two  other  currents  along  the  faces  of  the  pier,  the  height 
of  which  can  be  seen  in  the  cross-sections. 

The  second  experiment  (Fig.  324  b)  was  with  a  triangular  star- 
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Fig.  314. — Cbesv's  Experiments  on  the  Poku  of  Pieks. 
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ling,  the  nose  being  a  right  angle.  It  formed  a  less  obstnictioQ 
than  the  square  end,  but  the  fall  at  the  shoulder  was  as  deep  and  more 
dangerous,  while  eddies  were  formed  as  seen  in  the  sections. 

The  third  one  (Fig.  324,  c)  had  a  semicircular  starling.  The 
eddy  was  not  so  wide,  but  nearly  as  high. 

The  fourth  model  had  a  triangular  starling,  with  an  angle  of 
60°  at  the  nose  (Fig.  324,  d).  The  eddy  was  less,  as  was  also  the 
fall  at  the  shoulder.  - 

The  starling  in  the  fifth  was  formed  by  two  circular  arcs,  tangent 
to  the  sides  and  described  on  the  sides  of  an  equilateral  triangle 
(Fig.  324,  e).  The  eddy  was  small  and  there  was  no  fall  at  the 
shoulder. 

The  sixth  (Fig.  334,  /)  was  a  model  the  plan  of  which  was  an 
elEpse,  of  which  the  small  diameter  was  one-fourth  the  length,  and 
the  eddy  was  less  than  any  of  the  others. 

The  seventh  model  (Fig.  325  a)  had  a  starling  with  concave 
faces,  such  as  is  sometimes  used  where  the  wing-wall  meets  an  abut- 
ment.   It  produced  the  most  dangerous  currents  of  all. 

The  eighth  (Fig.  325  b)  was  of  the  same  form  as  Fig.  324  e, 
but  the  water  was  supposed  to  mount  the  springing  of  the  arch. 

The  ninth  and  tenth  experiments  (Figs.  325  c  and  325  d)  were 
on  the  same  forms  as  Figs.  324  e  and  324  /,  but  the  current  had 
a  velocity  of  4  meters  87  centimeters  per  second,  such  as  a  river 
would  have  in  its  overflow.  The  eddy  (Fig.  325  c)  rose  to  nearly 
twice  the  height,  as  was  the  case  with  the  lesser  velocity,  and,  while 
there  was  no  fall,  the  inclination  formed  along  the  faces  was  more 
rapid. 

The  effect  with  this  velocity  on  the  elliptical  pier  (Fig.  325  d) 
was  similar  to  the  lesser  velocity,  but  more  marked.  It  may  thus 
be  concluded  that  the  elliptical  section  offers  the  least  resistance 
to  the  current  and  occasions  the  least  contraction,  while  the  form 
with  convex  starling  comes  next,  and  of  piers  with  triangular  starlings 
the  one  with  the  60°  nose  is  the  best. 

Where  ice  is  to  be  pro\ided  for,  the  nose  is  often  inclined  to 
allow  large  cakes  to  mount  it  and  break  in  two,  without  doing  fur- 
ther damage.  For  any  iarge  or  important  structure,  the  design 
of  the  piers  should  receive  a  great  deal  of  study,  and  be  designed 
not  only  with  reference  to  their  theoretical  form,  but  with  reference 
to  the  form  of  pier  which  has  3hown  the  best  results  practically 
and  has  been  found  to  be  best  suited  to  the  velocity  of  the  stream 
in  which  they  are  to  be  built,  and  to  best  withstand  the  drift  and  ice 
that  may  be  met,  with  giving  at  the  same  time  all  the  consideration 
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pos^ble  to  the  architectural  effect  and  to  the  harmony  with  the 
entire  structure. 

The  piers  of  the  KnoxviUe  steel  arched  cantilever,  Figs.  326-7, 
were  equally  spaced  by  the  author  in  designing  the  structure,  in 
order  to  make  the  bridge  symmetrical  and  a  good  piece  of  arcJiitecture. 


Fig.  3*5. — Cresv's  Expebiments  on  the  Foui  of  Piebs. 

The  piers  had  a  cross-section  as  in  Fig.  325  c,  as  the  current  in  the 
river  was  very  swift  during  high  water.  Had  more  money  been 
available  to  add  ornamental  corbels  and  copings  and  proper  capping 
around  the  steel  shoes  and  bolsters,  the  appearance  would  have  been 
much  improved. 
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CHAPTER  XXIII 
LOCATION   AND    DESIGN    OF    PIERS    (CONTINUED) 

The  stones  most  used  in  the  building  of  piere  are  granite,  sand- 
stone, marble,  and  limestone,  the  amount  of  granite  used  for  this 
purpose  being  about  the  same  or  j)ossibly  a  little  less  than  sandstone. 
Next  to  these,  limestone  is  used  most  largely  and  marble  the  least 
of  the  four,  owing  to  the  fact  that  most  marble  is  suitable  for  dressed 
stonework  for  buildings  and  too  expensive  for  use  in  piers. 

Granite  is  most  largely  produced  in  the  New  England  States, 
and  notably  in  Maine,  Massachusttes,  and  Vermont.  Next  to  these 
States  comes  California,  with  about  as  much  of  an  output  as  Vermont. 
Only  fifteen  of  the  States  in  the  Union  do  not  have  an  output  of 
granite,  so  that  it  may  be  said  to  be  available  at  greater  or  less  cost 
in  any  part  of  the  United  States. 

Sandstone  is  most  largely  produced  in  Pennsylvania,  Ohio,  and 
New  York,  although  but  thirteen  of  the  States  are  non-producers 
of  this  most  commonly  used  building  material. 

Marble  is  most  largely  produced  in  Vermont,  although  New 
York,  Tennessee,  and  Georgia  have  extensive  quarries  and  are 
large  producers. 

Limestone  is  extensively  quarried  in  Pennsylvania,  Ohio,  New 
York,  Missouri,  Wisconsin,  Illinois  and  Indiana,  only  six  States  being 
without  output  of  this  stone. 

Granite  is  the  best  building  stone  for  use  in  constructing  piers, 
and  under  this  head  are  included  the  true  granites,  gneiss,  mica- 
schist,  andesite,  syenite,  and  quartz-porphyry- 

Sandstone  covers  all  the  consolidated  sands,  the  strength  of 
sandstone  depending  entirely  upon  the  cementing  material,  as  it  is 
simply  quartz  grains  cemented  together,  and  when  silica  is  the 
cementing  material  it  is  the  very  best.  Quarrymen  term  sandstone 
according  to  its  quality  as  bluestone,  freestone,  and  conglomerates. 

Limestone  is  usually  the  least  valuable  of  stone  that  is  used  in 
building  piers,  owing  to  the  fact  that  it  is  too  soft  and  stands  the 
weather  poorly.    It  consists  practically  of  amorphous  calcium  car- 
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bonate,  sometimes  cemented  together  by  crystalline  substances 
with  many  impurities.  Under  the  head  of  limestone  is  also  usually 
included  magnesium  carbonate,  called  magnesium  limestone,  and 
when  the  stone  is  about  equally  made  up  of  carbonate  of  lime  and 
magnesium  it  is  termed  dolomite.  Dolomite  is  much  harder  than 
ordinary  limestone,  and  consequently  forms  a  much  better  building 
materifd.  Chemically,  there  is  little  difference  between  limestone 
and  marble,  except  that  marble  has  been  crystallized  by  the  action 
of  heat. 

Of  the  quality  of  the  granite  to  be  obtained  in  any  part  of  the 
United  States  very  little  need  be  said,  as  it  is  always  a  desirable 
building  material,  and  only  the  question  of  cost  comes  up  for  con- 
^deration  as  to  whether  it  can  be  used  or  not.  In  the  New  England 
States,  Georgia,  California,  and  Washington  it  is  cheap  enough  to 
make  it  possible  to  use  it  wherever  a  reasonable  amount  of  money 
is  available  for  the  construction  of  bridge  piers  or  foundations  of  any 
sort.  The  softer  sandstones  obtainable  throughout  the  country 
and  which  have  a  compressive  strength  of  about  5000  pounds  per 
square  inch  are  suitable  for  building  bridge  piers  where  not  too  much 
ice  or  abrasive  action  of  any  character  is  to  be  contended  with. 

The  freestones  of  northeastern  Ohio,  and  similar  stone  wher- 
ever found  throughout  the  United  States  and  similar  to  the  Chuck- 
anut  stone  of  Puget  Sound,  are  almost  as  desirable  as  granite  for 
the  construction  of  piers. 

Limestone  does  not  very  often  occur  of  such  quality  as  to  war- 
rant its  use  in  masonry  construction,  and  while  it  may  seem  to  be 
of  sufficient  hardness  to  warrant  consideration,  attention  need 
only  be  called  to  its  use  in  the  State  Capitol  building  of  Ohio,  where 
it  has  weathered  badly,  to  make  it  seem  advisable  to  find  some  other 
material  if  possible. 

Where  marble  is  plenty,  it  is  of  course  of  sufficient  strength 
and  hardness  to  make  it  desirable  for  use  in  foundation  work  and 
for  piers,  provided  the  cost  is  not  excessive,  and  a  poorer  quahty 
of  marble  found  in  Tennessee  and  Georgia,  and  known  as  iron  lime- 
stone, is  certainly  one  of  the  best  building  stones  to  be  found  any- 
where. The  most  famous  limestone  to  be  found  in  the  United 
States  is  the  oolitic  limestone  of  Indiana.  It  is  very  easily  quarried 
and  hardens  on  exposure  to  the  air,  so  that  it  is  quite  durable;  and. 
on  account  of  the  large  size  of  the  blocks  in  which  it  can  be  gotten 
out,  is  very  much  used  for  massive  work. 

One  of  the  things  least  often  considered  in  the  selection  of  stone 
for  ordinary  piers  is  the  color;    although,  in  the  case  of  piers  for 
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city  bridges,  towers  for  suspension  bridges,  or  work  of  this  chsir- 
acter  it  is  very  desirable  to  have  the  material  of  pleasing  appearance, 
and  this  is  most  readily  found  in  the  granites  and  marbles.  The 
ordinary  gray  or  bluish  gray  of  many  of  the  sandstones  is  also  very 
pleasing,  and  in  many  cases  other  colors  can  be  found  for  belt  courses, 
copings,  and  trimmings  of  various  kinds. 

While  the  color  of  stone  is  apt  to  change  conaderably  after  it 
is  quarried,  it  is  usually  possible  to  know  what  the  change  will  amount 
to,  by  seeing  stone  of  the  same  kind  that  has  teen  in  use.  The  gray 
color  of  many  of  the  granites  is  due  to  a  mixture  of  light  feldspar 
with  a  dark-colored  mica  and  very  fine  hornblende.  The  sedimen- 
tary rocks  are  colored  with  iron  and  various  other  minerals,  and  it 
is  always  necessary  when  iron  is  the  coloring-matter  to  make  sure 
that  in  weathering  the  stone  will  not  turn  rusty. 

One  of  the  most  important  qualities  to  be  taken  into  account 
in  selecting  building  stone  is  its  durability  under  changes  of  tem- 
perature and  abrasion,  although  the  stone  may  prove  valueless 
owing  to  chemical  changes  due  either  to  its  going  to  pieces  by  the 
action  of  the  water,  carbon  dioxide,  or  some  of  the  organic  acids. 
The  change  of  temperature  affects  rock  by  the  unequal  expansion 
and  contraction  of  the  various  minerals  composing  it,  or  the  rock 
may  be  so  porous  as  to  become  filled  with  water,  and  when  this 
freezes  the  expansion  of  the  ice  will  cause  it  to  crack  or  break.  The' 
report  on  the  building  stones  of  Wisconsin  states  that  "  the  expansive 
force  of  heat  is  well  shown  in  many  of  the  limestone  quarries  of 
Wisconsin,  where  beds  from  S  to  6  inches  in  thickness  are  for  the 
first  time  exposed  to  the  heat  of  the  summer  sun.  These  thin  beds 
become  heated  throughout  their  entire  thickness,  and  arch  up  on 
the  floor  of  the  quarry,  generally  breaking  and  completely  destroying 
the  stone."  The  effect  of  freezing  and  thawing  is  well  stated  in 
Vol.  n  ot  the  Washington  Geological  Survey  as  follows:  "  All  rocks 
are  more  or  less  porous;  and  these  pores,  before  the  rock  is  quarried, 
always  contain  more  or  less  water,  and  after  being  quarried  for  some 
time  and  exposed  to  the  atmosphere  they  lose  this  water.  How- 
ever, when  rain-storms  occur  they  are  apt  to  absorb  more  water, 
and  if  the  temperature  falls  below  the  freezing-point  when  the  stone 
is  in  this  condition  the  water  will  be  frozen.  As  is  well  known,  water 
on  freezing  expands  and  in  expanding  exerts  a  pressure  or  expansive 
force  equal  to  about  150  tons  to  the  square  foot.  It  is  pldn  to  see 
that  if  the  rock  contains  any  very  large  amount  of  water  and  freezes, 
the  result  will  be  the  spreading  apart  or  separatmg  somewhat  of  the 
particles  composing  the  stone.    Then  the  water  thaws  and  freezes 
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again,  and  so  on  indefinitely,  and  the  result  is  that  particles  are  finally 
completely  loosened  and  fall  out.  This  effect  is  principally  on  the 
surface  of  the  rock  and  is  the  cause  of  the  scaling  frequently  seen  in 
buildings  that  are  built  of  certain  kinds  of  stone.  In  addition  to 
the  pores  which  occur  in  the  rocks,  there  are  the  openings  which 
occur  along  the  joint,  bedding  and  foliation  planes.  Water  falling 
on  the  surface  of  the  ground  and  more  or  less  of  it  sinking  into  it 
enters  these  cracks  or  crevices;  and  while  it  will  flow  more  readily 
along  these  than  it  does  through  the  pores  of  the  rock,  still  many 
times  these  will  be  filled  and  freeze  while  in  that  condition.  As 
has  already  been  stated,  water  when  freezing  exerts  a  very  great 
expandve  force  and  will  tend  to  separate  the  rocks  along  these  planes, 
and  when  the  ice  melts  the  rocks  do  not  come  back  to  their  original 
position,  but  retain  the  position  they  had  when  the  water  was  frozen 
in  them.  Then  these  cracks  are  filled  again  and  refrozen,  and  the 
seams  opened  a  little  farther,  and  the  same  process  repeated  time 
after  time  finally  produces  a  perceptible  effect  and  tends  to  weaken 
the  stone.  This  is  especially  true  of  sedimentary  deposits  such  as 
sandstones,  particularly  where  they  have  marked  bedding  planes." 

The  effect  of  ice,  driftwood,  and  the  like  is  to  abrade  the  surfaces 
at  piers  so  that  with  stone  that  is  at  all  soft  it  becomes  a  very  serious 
matter.  The  action  of  sand  carried  by  wind-storfns,  while  very 
destructive,  can  hardly  be  considered  in  the  design  of  piers,  as  it 
is  seldom  that  they  are  so  situated  as  to  be  affected  in  this  way. 

The  mjneralogical  composition  of  stones  has  a  very  important 
bearing  upon  their  durability,  but,  as  this  is  fully  treated  in  works 
on  mineralogy,  it  will  not  be  gone  into  here. 

Chemical  and  microscopic  examinations  are  often  of  value, 
and  for  any  large  piece  of  work,  or  where  the  stone  as  proposed  for 
use  has  not  been  used  for  any  great  length  of  time,  these  tests  should 
be  madei  but,  as  a  general  rule,  the  physical  tests  are  of  very  much 
greater  value.  Nearly  all  of  our  universities  and  many  of  the  larger 
engineering  offices  now  have  testing-machines  (Fig.  123),  so  that 
tests  can  easily  be  made.  They  should  be  carried  out  by  standard 
methods,  so  that  they  will  be  of  value  for  tabulation  with  the  results 
of  other  investigators,  and  of  use  to  future  consumers  of  the  stone. 

It  was  formerly  the  custom  to  make  tests  on  i-inch  cubes,  but 
wherever  the  testing-machine  is  large  enough  they  should  be  not 
less  than  2-inch  cubes,  having  4  square  inches  of  area,  or  larger  if 
possible,  as  stone  in  large  pieces  has  greater  resistance  per  square 
inch,  and  thus  the  actual  strength  of  the  stone  will  be  more  nearly 
determined. 
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The  Wisconsin  report  divides  the  physical  tests  into  two  divi- 
sions: First,  strength  tests,  comprising  crushing  strength,  trans- 
verse strength — giving  the  modulus  of  rupture  and  the  coefficient 
of  elasticity;  second,  durability  tests,  covering  specific  gravity, 
porosity,  weight  of  the  stone  per  cubic  foot,  effect  of  extreme  heat, 
effect  of  alternate  freezing  and  thawing,  action  of  carbonic-acid 
gas,  and  the  action  of  sulphurous-acid  fumes. 

The  crushing  strength  has  usually  been  considered  all  that  is 
necessary,  but  the  above  report  speaks  of  this  test  as  follows:  "  It 
has  been  computed  that  the  stone  at  the  base  of  the  Washington 
Monument,  the  highest  structure  in  the  world,  sustains  a  maxi- 
mum pressure  of  22.658  tons  per  square  foot,  or  314.6  pounds  per 
square  inch.  Certain  contractors  require  a  stone  to  withstand  twenty 
times  the  pressure  to  which  it  will  be  subjected  in  the  wall,  while 
others  only  require  ten  times  that  pressure.  Even  if  requiring  a 
factor  of  safety  of  twenty,  the  strength  required  for  a  stone  at  the 
base  of  this  monument  would  be  only  6292  pounds  per  square  inch. 
The  pressure  at  the  base  of  our  tallest  building  can  scarcely  exceed 
one-half  that  at  the  base  of  the  monument,  or  157-3  pounds  per 
square  inch.  According  to  the  above  estimate,  stone  used  in  the 
tallest  buildings  does  not  require  a  compressive  strength  above  3146 
pounds  per  square  inch.  There  is  scarcely  a  building  stone  of  impor- 
tance in  the  country  that  does  not  give  a  higher  test  than  this.  Ordi- 
nary building  stone  has  from  two  to  ten  times  the  maximum  required 
crushing  strength.  A  stone  having  a  crushing  strength  of  5000 
pounds  per  square  inch  is  sufficiently  strong  for  any  ordinary 
building."  So  that  it  will  be  seen  that  very  few  stones  will  not  be 
strong  enough  in  this  regard. 

The  following  tables,  which  are  taken  from  the  Washington 
Geological  Survey,  give  a  large  number  of  tests  which  have  been 
made  on  building  stone  in  various  parts  of  the  country: 

TABLE  XLIir.— CRUSHING  STRENGTH  IN  POUNDS  PER  SQUARE  INCH 
SPECIFIC  GRAVITY,  AND  RATIO  OF  ABSORPTION  OF  BUILDING 
STONE 


(i)*Montello,  Wisconsin 

(i)  Granite  City,  Wisconsin.  . 

(1}  Berlin,  Wisconsin 

(1)  Granite  Heif-lils,  Wiscntisii 
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Strei^h  In  Specific 

Pounds  per  Gravity. 


)  East  St.  Cloud,  Minnesota. . 

)  Sauk  R^ids 

)  Beaver  Bay,  Minnesota 

)  Fourche  Mountain,  Arkansas. . 

)  Fourche  Mountain,  Arkansas.. 

)  Fourche  Mountain,  Arkansas.. 

;  Little  Rock,  Arkansas 

)  Little  Rock,  Arliansas 

)  MDIbridge,  Maine 


CRANIl  E— CoMiaiKd. 


SANDSTONE. 

)  •Hinckley,  Minnesota 

)  Dresbach,  Minnesota 6,500 

)  Jordan,  Minnesota 

)  Ablemans,  Wisconsin 13,^^ 

i  Ablemans,  Wisconsin 11,030 

)  Ablemans,  Wisconsin 8,602 

)  Ablemans,  Wisconsin 

}  Dunnville,  Wiscon^ 

)  Port  Wuig,  Wisconsin 

)  Houghton,  Wisconsjn 

)  La  Valle,  Wisconsin 

)  Bayfield,  Wisconsin 

)  Bitdsboro,  Pennsylvania 

)  Waltonville,  Pennsylvania 

)  Waltonville,  Pennsylvania 

)  Lumberville,  Pennsylvania 

)  Laurel  Run,  Pennsylvania 

)  White  Haven,  Pennsylvania 

)  Portland,  Connecticut 

)  Middletown,  Connecticut 

)  E.  Longraeadow,  Massachusetts.  .  . . 

)  Medina.  New  York 

)  Marquette,  Michigan 

)  St.  Anthony,  Indiana 

')  Riverside,  Indiana 

■)  Riverside,  Indiana 

')  Worthy,  Indiana 

■)  Berea,  Ohio 

)  Hummebtown,  Pennsylvania 

')  Gunnison,  Colorado 

.)  Cleveland,  Ohio 

1)  N.  Amherst,  Ohio 

<)  Angel  Island.  California 

■)  San  Jos6,  California 

1)  Bass  Island,  Wisconsin 


The  engineer  should  always  make  careful  inquiries  as  to  whether 
the  manner  of  quarrying  stone  injures  it  in  any  way,  as  the  use  of 


D.qit.zeaOvGoOt^lc 


LOCATION  AND  DESIGN  OP  PIEES 


451 


explosives  will  very  materially  shatter  many  kinds  of  stone  and  prac- 
tically ruin  them  for  heavy  construction  work. 

Most  all  quarrying  {Fig.  328)  is  now  done  by  the  use  of  drills 
or  channeling-machines,  so  that  damage  from  explosives  is  not 
so  frequently  found  as  formerly. 

The  larger  granite  quarries  use  no  machinery  iti  quarrjing  the 
stone  other  than  rock  drills  and  hoisting-apparatus.  Lewis  holes 
are  drilled  close  together  in  groups  of  two  or  three,  the  partitions 
broken  down,  and  when  a  series  of  these  have  been  drilled  around 
the  piece  to  be  blasted  out,  explosives  are  used  to  loosen  the  rock, 
and  by  this  method  the  action  is  wedge-like,  and  the  rock  is  not 
damaged. 

TABLE  XLIV. 


'Knowles,  Wisonsin 

Bridgeport,  W  isconsin 

Bridgeport,  Wisconan 

Duck  Creek,  Wisconsin..  . . 
Sturgeon  Bay,  Wisconsin. . 
Sturgeon  Buy,  Wisronsin. . 

Genesee,  Wisconsin 

Genesee,  Wisconsin 

Mublehead,  Wisconsin 

Lannon,  Wisconsin 

Fountain  City,  Wisconsin.. 
Wauwatosa,  Wisconsin . . . . 
Wauwatosa,  Wisconsin,  . . . 

Wauwatosa,  Wisconsin 

Red  Wing,  Minnesota 

Stillwater,  Minnesota 

Kasota,  Minnesota 

MantorviUe,  Minnesota. .  .  . 
Minneapolis,  Minnesota .  .  . 

EUettsville,  Indiana 

EUettsville,  Indiana 

Salem,  Indiana 

Salem,  Indiana 

BtoomingtOQ,  Indiana 

Bloomington,  Indiana 

Bloomington,  Indiana 

Romana,  Indiana 

Bedford,  Indiana 

Bedford,  Indiana 

Bedford,  Indiana 

Salem,  Indiana 


LIMESTONE. 


2g,.! 


23,783 
31,957 
39.983 
36,73' 
39,^53 
*2,7a7 
31.936 
8,830 


r.76 
5-49 
5-46 
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)  Rutland,  Vermont 

)  Rutland,  Vermont 

)  Mountain,  Vennont 

)  Sutherland  Falls.  Vermont 

)  DeKalb,  New  York 

)  DeKalb,  New  York 

)  DeKalb,  New  York 

)  DeKalb,  New  York 

)  Colton,  California 

)  Canaan,  Connecticut 

)  St.  Joe,  Arkansas 

)  St.  Joe,  Arkansas 

)  S(.  Joe,  Arkansas 

)  Marble  City,  Arkansas 

)  Marble  City,  Arkansas 

)  Rhodes  Mill,  Arkansas 

)  St.  Joe,  Arkansas 

)  St.  Joe,  Arkansas 

)  Montgomery  County,  Pennsylvania. . 

)  Dorset,  Vermont 

)  Cararra,  Italy 

)  Georgia 

)  Georgia 

)  Georgia 

)  Georgia 

)  Georgia. , 

)  Georgia 


10,478 
12,004 
13.771 
17,783 

17,835 
10,447 

'8,'89^ 
10J81 
14,400 
6,7ZS 
6,935 
13.700 


il  Slono.  pp,  J09-403.  by  E 
)  Gtol.  and  Nut.  Hist.  Sur. 
)  Ann,  Rep.  Ark.  G»ol.  Sur 
I  Testa  ol  Melals,  Oovernm 
)  Appendii  Ann.  Rep,,  Pa, 


V.  Vol,  II.  1890.  pp.  44  Id  so,  by  J.  F.  WiUiBinj. 

lie  CoVlege,  ii'^.  p,  10  tlVowniUincs). 

i  Geology  and  Natural  Resources  of  Indiana,  p.  si 

ic  Oealoiy  and  Natural  Resources  of  Indiana,  pp. 

■  ,  Vol,  IV,  iSflO,  p,  JIO,  by  T.  C.  Hopkins, 

1.  BulleUn  No.  J,  p.  Si. 


In  marble-quarrjing  channeling-machines  are  used,  which  are 
moved  back  and  forth  on  narrow  tracks  and  cut  vertical  cliannels 
5  or  6  feet  or  over  in  depth,  and  a  little  over  an  inch  in  thickness. 
Some  of  these  machines  are  so  arranged  that  a  channel  is  cut  on 
each  side  at  the  same  time.  When  these  channels  have  been  cut, 
holes  are  cut  horizontally  across  the  bed  and  the  stone  split  loose 
by  wedges. 

Sand  stone- quarrying  is  carried  on  considerably  by  channeling- 
machines,  although  very  many  quarries  are  still  operated  by  blast- 
ing out  large  blocks  and  cutting  them  to  shape  afterwards,  although 
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some  damage  may  result  to  the  stone  from  the  force  of  the  blasts. 
The  method  of  working  quarries  is  stated  quite  fully  in  the  Washing- 
ton Geological  Survey  as  follows: 

"  The  quarrying  of  marbles,   limestones,   and   some  sandstones 
at  the  present  time  is  done  quite  largely  by  the  use  of  cbanneling- 


machincs  of  some  kind  (Fig.  330),  while,  in  the  harder  igneous  rocks 
such  as  granite,  explosives  are  quite  largely  used  for  breaking  the 
rock  loose,  after  which  the  large  masses  are  split  and  worked  into 
sizes  by  hand.  In  the  opening  of  a  quarry  in  which  chaimeling- 
machines  are  to  be  used,  the  usual  thing  to  do  is  to  remove  tbe  d£bris 
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overlying  the  stone  to  be  quarried  and  secure  a  comparatively  level 
floor  of  the  same  size  that  it  is  desired  to  make  the  quarry.  When 
this  is  done  the  channeling-machine  is  put  to  work  and  a  series  of 
channels  the  required  depth  and  distance  apart  are  cut,  and  one  of 


Fig.  330.— Wabdweix  Channeleb. 

the  blocks  loosened  on  the  under  side  in  some  manner,  usually  by 
wedging,  and  then  lifted  out,  or  it  may  be  removed  by  blasting.  After 
first  block  is  removed  the  others  may  be  loosened  on  the  under  side 
either  by  gadding  or  by  means  of  wedges.  Then  another  layer  is 
begun  and  removed  In  exactly  the  same  maimer,  and  in  this  way 
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the  quarry  floor  may  be  carried  down  almost  any  depth  provided 
the  stone  continues. 

"  In  some  quarries  what  is  known  as  the  step  or  bench  system 
is  used  and  consists  in  having  a  ledge  of  varying  width  at  the  back 
wall  each  time  instead  of  taking  out  an  entire  layer  of  the  quarry 
floor.  This  will  give  to  the  back  part  of  the  quarry  the  appearance 
of  a  set  of  steps.  If  the  quarry  is  to  be  worked  after  this  plan  the 
bar-channeler  is  probably  the  best  one  to  purchase,  as  it  is  much 
more  easily  moved  from  bench  to  bench.  In  the  case  of  quarries 
worked  by  hand,  either  one  of  the  above  plans  may  be  followed. 

"  While  many  machines  have  been  invented  for  cutting  and 
dressing  stone,  still  the  same  slow  hand  processes  that  were  in  use 
hundreds  of  years  ago  are  still  quite  largely  used.  Large  masses  of 
the  stone  are  loosened  by  means  of  powder  and  then  these  are  split 
into  blocks  of  the  required  sizes  by  what  is  known  as  the  plug-and 
feather  method.  This  method  consists  in  drilling  a  series  of  holes 
about  three-fourths  of  an  inch  in  diameter  and  a  few  inches  deep 
along  a  line  where  it  is  desired  to  split  the  stone.  Into  each  one 
of  these  holes  are  placed  two  pieces  of  soft  half-round  iron  called 
'feathers,'  and  between  these  a  steel  Wedge  or '  plug  '  is  placed.  The 
quarrj-man  then  takes  a  hammer  and  moves  along  this  line,  striking 
alternately  each  one  of  these  wedges  until  the  stone  spUts  and  falls 
apart  along  this  line.  There  is  considerable  knack  in  the  spUtting  of 
various  kinds  of  stone  and  it  consists  simply  in  being  able  to  take 
advantage  of  the  rift  and  grain  of  a  stone,  and  it  is  surprimig  how 
readily  some  persons  wilt  work  a  stone  into  the  desired  shape,  while 
others  can  hardly  work  it  into  any  shape  at  all. 

"  In  some  cases  stone  is  cut  to  the  proper  sizes  in  the  quarry 
by  means  of  channelers,  steam-drills,  and  portable  saws,  but  in  most 
cases  marbles,  limestones,  and  sandstones  are  cut  into  the  desired 
shapes  after  leaWng  the  quarry  and  going  to  the  mill.  Usually 
the  stone  is  taken  out  of  the  quarry  in  large  blocks  and  then  taken 
to  the  mill,  where  it  is  usually  cut  into  the  required  dimensions 
by  means  of  saws,  and  if  it  is  to  be  carved  or  pohshed  this  is  done 
here,  and,  in  fact,  the  stone  is  finished  ready  for  its  place  in  the 
building. 

"  Most  of  the  cutting  to  sizes  is  done  by  sawing  (Fig.  331).  This 
sawing  is  done  principally  by  means  of  gang-saws  which  consist  of 
a  number  of  toothless  blades  of  soft  iron  fastened  in  a  frame  in  a 
horizontal  position  and  this  frame  so  arranged  that  it  can  be  moved 
backward  and  forward  continuously.  The  stone  to  be  sawed  is 
brought  under  these  saws  and  the  blades  set  for  the  required  thick- 
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ness  of  the  stone  and  then  the  machine  set  in  motion.  The  cutting 
is  done  principally  by  sand  or  some  substitute  for  it  which,  along 
with  water,  is  supplied  to  the  saw-blades.  The  water  softens  the 
stone,  and  aids  in  carrying  the  sand  to  the  saw.  The  saw  may  be  of 
almost  any  length  and  the  frame  may  contain  any  number  of  blades. 
The  blades  are  usually  about  |  inch  in  thickness  and  about  4  inches 
wide-  In  the  latest  patterns  the  frames  are  lowered  automatically 
as  the  saws  cut  into  the  stone. 

"  The  rate  of  cutting  by  these  saws  varies  with  the  stone,  being 
much  faster  in  some  kinds  than  in  others,  as,  for  instance,  the  rale 
for  the  Tenino  sandstone  is  from  i  to  2  feet  per  hour,  while  in  the 
serpentine,  which  is  a  much  softer  material,  at  the  United  States 
quarry  the  rate  is  not  more  than  from  4  to  6  inches  per  hour. 

"  The  kind  of  power  used  for  driving  these  saws  varies,  and  may 
be  steam,  electricity,  or  water-power,  and  in  Washington  all  three 
are  used.  Steam,  however,  is  the  one  most  commonly  used,  but 
is  much  more  expensive  than  water-power. 

"  Machines  of  various  kinds  for  planing  and  dressing  marbles 
have  been  constnicted  and  they  are  said  to  work  very  satisfactorily, 
producing  a  surface  equal  to  a  sand-rubbed  finish  and  saving  much 
labor  and  expense  in  the  finishing  of  marbles. 

"  Up  to  the  present  time,  however,  nothing  of  this  kind  is  being 
used  in  this  State. 

"  Lathes  of  various  kinds  and  sizes  are  in  use  in  the  mills  for 
turning  marbles  and  serpentines.  The  lathes  are  used  for  turning 
out  columns  of  marble  and  vases  and  ornaments  of  various  kinds 
from  marbles  and  serpentines.  These  lathes  are  practically  the  same 
as  those  used  for  the  turning  of  wood  and  iron.  After  the  desired 
shape  has  been  obtained  and  while  the  column  or  whatever  it  be  is 
still  in  the  lathe  the  polisher  is  brought  into  use  and  it  is  finished 
before  it  is  removed  from  the  lathe. 

"  For  the  rubbing  of  the  stone  smooth,  preparatory  to  polishing, 
the  most  common  contrivance  is  perhaps  what  is  known  as  the 
rubbing-bed.  This  consists  of  a  heavy  cast-iron  plate  which  revolves 
in  a  horizontal  plane.  The  plate  is  revoh-ed  by  means  of  a  per- 
pendicular shaft  through  the  center,  which  is  geared  to  the  power, 
this  gearing  in  some  cases  being  above  the  bed,  while  in  others  it 
may  be  below.  Above  the  revolving  bed  are  a  number  of  fixed  arms, 
extending  from  the  center  to  the  outside  of  the  bed  and  just  high  enough 
above  it  so  as  not  to  touch  it.  The  slabs  and  blocks  of  marble  are 
placed  on  this  rubbing-bed,  and  these  arms  prevent  their  revolving 
with  it  when  it  is  put  in  motion.    Onto  this  plate  are  then  put  sand 
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or  some  other  abrasive,  and  water.  A  large  number  of  pieces  may  be 
placed  on  one  bed  at  the  same  time  and  rubbed  at  much  less  expense 
than  they  could  be  by  hand." 

As  to  the  general  design  of  piers,  very  little  further  need  be  said 
than  what  has  been  given  in  the  preceding  chapter  with  reference 
to  the  cross-section  that  produces  the  least  resistance  in  a  stream, 
and  the  quotation  from  Morison  as  to  the  form  of  pier  adopted  in 
the  various  large  bridges  with  which  he  was  connected- 
After  the  loads  to  be  carried  by  the  pier  and  the  weight  of  the 
pier  itself  have  been  fully  determined,  the  size  of  the  base  of  the 
pier  can  be  easily  determined  so  as  to  keep  the  pressure  upon  the 
foundation  bed  inside  of  proper  limits.  The  unbalanced  pressure, 
due  to  wind  and  current,  must  be  taken  account  of,  that  from  wind 
being  calculated  by  the  ordinary  methods  of  moments,  while  the 
force  of  the  current  may  be  calculated  from  the  discussion  given  in 
Weisbach's  "  Mechanics."     (See  Chapter  XXV.) 

Should  a  particularly  large  base  be  required,  it  will  be  necessary 
to  offset  the  courses  of  the  pier  by  putting  in  several  steps,  and  these 
offsets  may  be  calculated  by  the  ordinary  formula  for  transverse 
loading  of  beams.  Where  the  pressure  on  the  foundation  bed  per 
square  foot  amounts  to  two  tons,  Baker  gives  the  following  coefficients 
by  which  to  multiply  the  thickness  of  the  masonry  course  to  get  the 
offset:  for  granite  1.5,  for  limestone  and  sandstone  1.3,  and  concrete 
in  the  proportion  of  i,  3,  and  5,  0.3.  As  this  is  the  most  usual  unit 
pressure,  this  will  be  a  sufficient  guide  in  ordinary  cases.  In  large 
piers  where  caissons  and  cribs  are  used,  they  are  made  of  the  propec 
size  to  properly  distribute  the  bearing  upon  the  foundation  bed. 
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ROCK  FILL  FOUNDATTONS  AND  QUARRIES 

The  use  of  riprap  in  connection  with  foundations  is  of  such 
wide  application  that  the  engineer  should  have  a  very  definite  idea 
as  to  its  production  and  use.  The  matter  contained  in  this  chapter 
is  not  to  be  taken  as  a  treatise  on  rock  excavation  or  quarrying,  but 
simply  the  author's  experience  in  operating  quarries,  and  using  rip- 
rap in  river  and  harbor  work,  supplemented  by  various  examples 
from  the  work  of  other  engineers. 

Riprap  rock  is  used  in  making  rock  fills  for  railroad  embankments 
along  the  water,  for  riprapping  such  embankments,  for  forming  river 
dykes,  for  riprapping  around  bridge  piers  and  wharves,  and  for  the 
foundations  of  seawalls  and  breakwaters. 

The  quarry  Figs.  332  and  333  is  a  hill  about  150  feet  high  on  the 
shore  of  Puget  Soimd,  and  is  composed  mainly  of  a  dark  gray  volcanic 
tuff  weighing  135  pounds  to  the  cubic  foot,  and  being  somewhat 
friable,  it  is  easily  drilled  and  readily  broken  up  into  riprap  azes 
from  25  pounds  to  several  tons  in  weight.  The  rock  hardens  after 
quarrying  and  especially  in  salt  water. 

The  method  of  working  the  quarry,  as  may  be  seen  from  the 
illustrations,  is  of  two  distinct  types,  one  portion  of  the  quarry. 
Fig.  332,  being  worked  on  a  bench  about  20  feet  above  the  water 
with  guy  derricks  and  gravity  cars  for  handling  the  rock,  while  the 
other  portion.  Fig.  333,  is  worked  from  the  water  level  by  means  of 
derrick  scows,  the  cost  of  operating  the  latter  being  less  than  one- 
half  the  cost  of  that  portion  on  the  bench.  For  example,  taking 
corresponding  minimum  costs,  the  rock  handled  by  tlie  floating 
derricks  costs  approximately:  For  drilling  and  blasting,  5  cents 
per  cubic  yard;  mucking,  6  cents  per  cubic  yard;  breaking  up  and 
loading,  14  cents  per  cubic  yard,  or  a  total  of  25  cents  per  cubic  yard; 
while  in  the  other  portion  drilling  and  blasting  costs  approximately 
8  cents  per  cubic  yard ;  mucking,  1 8  cents  per  cubic  yard ;  and  break- 
ing up  and  loading,  35  cents  per  cubic  yard,  or  a  total  of  56  cents  per 
cubic  yard.    In  both  instances  the  coal,  powder,  and  incidentals 
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FlO.  333.— RiPEAP  QUARKV  ON  PoCET  SoUND.     No.   : 


Fio-  333-— RiPBAP  QuAfiRV  ON  PuoET  Sound.    No.  2. 
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Fig.  3330.— Quakkv  No.  2,  Showing  Dehkick  Scow, 


Fig,  33j6.— Quarrv  No,  3  Derbick  Scow  Loading  Barge. 
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average  about  the  same,  or  12  cents  per  cubic  yard  in  addition  to 
the  above.  Quarry  No,  i  is  operated  by  drilling  deep  top  holes  from 
16  to  30  feet  in  depth  with  churn  drills,  and  after  springing  with 
dynamite,  these  holes  are  fired  with  black  powder,  each  shot  bring- 
ing down  from  3  to  7  yards  of  rock  per  pound  of  powder.  In 
taking  out  the  bottom  bench  along  the  face,  air  hurleys  are  used  to 
put  in  lifting  shots,  thus  cleaning  out  the  toe  as  the  work  progresses. 
The  medium-sized  rock  is  broken  up  by  use  of  steel  gads  (Fig.  334) 
and  sledges,  and  the  larger  pieces  are  drilled  with  air-plug  drills  and 
broken  up  with  small  charges  of  dynamite  ranging  from  one-foUrth 
of  a  stick  to  a  whole  stick  for  each  hole.  The  rock  is  then  loaded 
onto  skips,  which  are  swung  around  onto  cars  by  means  of  a  3-drum 
steam  engine  and  lo-ton  derricks.  The  cars  arc  operated  on  a  double 
track,  the  loaded  car  pulling  the  light  one  back  by  means  of  a  cable 


Fig.  334. — Rock  Breaking  Gad. 

running  around  sheaves  and  over  a  brake  drum.  The  distance  to 
the  dump  is  approximately  200  feet,  and  the  rock  is  dumped  on  to 
scows  which  arc  afloat  at  high  tide,  and  which  rest  on  a  grillage  of 
timber  or  a  "  gridiron  "  at  low  tide. 

Quarry  No.  2  is  operated  much  the  same  way  as  regards  the 
shooting  and  breaking  up  of  the  rock,  except  that  larger  rock  can  be 
handled  by  the  floating  derricks  directly  from  the  quarrj-  onto  the 
scows,  this  being  limited  only  by  the  size  rock  that  can  be  readily 
unloaded  and  placed  in  the  railway  embankment. 

Quarry  No.  i  requires  about  75  men  to  load  two  22s-yard  scows 
per  day,  and  quarry  No.  2  requires  only  50  men  for  loading  two  300- 
yard  scows  per  day,  or  a  total  output  of  the  whole  quarry  of  about 
1000  to  iioo  yards  per  day  of  ten  hours.  The  wages  paid  for  common 
labor  was  $2.75  per  day,  and  regular  rates  for  the  higher  class  of 
men,  or  an  average  of  about  $3  per  day. 
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The  rock  is  loaded  on  the  scows  by  first  dumping  from  the  cars, 
then  piling  it  up  into  a  rough  wall  around  the  outside  to  a  height  of 
3  feet  or  more,  leaving  a  walk-way  around  the  sides  and  ends  of  the 
scow,  after  which  the  center  portion  is  filled  up  to  an  approximate 
level,  this  making  it  easy  to  measure  up  the  yardage  on  the  scows 
without  much  error.  Where  rock  is  measured  by  the  ton,  tables 
are  made  for  each  scow,  showing  the  tonnage  for  each  inch  of  displace- 
ment, and  by  taking  the  draft  of  the  scow  on  each  side  at  both  ends 
the  number  of  tons  of  rock  can  be  readily  taken  from  the  table  of 
that  particular  scow. 


Fig.  335.— Placino  Rock  on  Seawall,  Pucei  Sound. 

The  scows  when  loaded  are  taken  off  the  gridirons  in  No.  i  quarry, 
and  off  the  bench  in  No.  2  quarry,  and  hauled  to  a  deep  water  anchor- 
age by  the  gasoline  tug  Fig.  263,  and  towed  thirty  miles  by  two  tugs 
of  the  type  illustrated  in  Fig.  270,  each  tug  taking  from  two  to  three 
scows  at  a  trip,  and  returning  with  from  two  to  five  empty  scows. 
a  round  trip  distance  of  about  thirty  miles;  the  rock  being  used  to 
make  a  railroad  seawall  for  a  length  of  about  twelve  miles  on  the 
shore  of  Fuget  Sound.  Fig.  335,  and  requiring  for  the  entire  work 
upwards  of  300,000  cubic  yards  scow  measure.  The  cost  of  towing 
and  the  cost  of  scows  amounts  to  about  10  cents  per  yard  for  each 
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item.  Three  stiff-leg  derricks  on  shore,  and  one  floating  derrick, 
of  about  lo  tons  capacity  each,  are  used  in  unloading  and  placing 
the  rock  to  a  rough  one  to  one  slope,  which  is  carried  on  at  a  cost 
of  approximately  20  cents  per  cubic  yard.  This  cost  and  the  various 
preceding  ones  are  the  results  under  the  best  conditions,  where 
the  run  of  the  quarry  is  being  loaded.  Where  bad  weather  and 
other  troubles  delay  the  work  and  where  the  rock  has  to  be  sorted 
or  hand  piled  to  slope,  the  costs  given  will  be  increased  from  30  to 
SO  per  cent. 

The  rock  at  the  quarry  was  partially  shot  down  by  tunnels  or 
coyotes,  some  of  which  were  driven  in  to  a  distance  of  150  or  160 
feet  from  the  face,  and  cross-headings  made  as  shown  in  Fig.  336 
(a)  and  (b),  and  loaded  with  black  powder  and  dynamite,  dynamite 
being  used  wherever  the  tunnels  were  wet,  and  about  4  yards  of  rock 
per  pound  of  powder  shot  down.  The  data  given  in  Rankine's 
Civil  Engineering  as  to  the  amount  of  rock  loosened  per  pound  of 
powder  agrees  very  closely  with  the  author's  experience.  "  The 
proportion  of  the  weight  of  rock  loosened  lo  the  weight  of  powder  exploded 
ranges  from  about  7000:1  to  14,000:1  and  may  be  taken  on  an  average 
at  10,000:1."  The  dirt  on  top  of  the  quarry,  running  from  a  foot 
or  so  to  up  to  about  6  feet  in  depth,  had  been  removed  by  teams  and 
scrapers  dumping  most  of  it  into  a  gully  at  one  side  of  the  quarry 
after  the  ground  had  been  cleared  and  grubbed.  Some  of  the  dirt 
was  trapped  into  a  chute  carrying  it  to  the  Vwttom  of  the  quarry, 
and  washed  away  with  a  sluicing  plant. 

This  sluicing  plant  consisted  of  a  12  X?  X 10  duplex  pump  operated 
from  two  locomotive  tj'pe  boilers  with  a  total  of  90  horse-power; 
the  main  discharge  pipe  from  the  pump  being  6  inches  in  diameter, 
with  4-inch  branches  to  each  side  of  the  quarry,  operating  4-inch 
hydraulic  giants.  These  giants,  Fig.  337,  are  easily  handled  by  one 
man  and  at  least  one  of  them  was  required  to  be  kept  in  constant 
operation  (Fig.  338)  in  order  to  keep  the  quarry  free  of  what  little 
dirt  was  still  left  on  top  of  the  quarry,  the  dirt  coming  from  the  seams 
of  the  rock,  and  the  fine  debris  from  the  breaking  up  of  the  rock. 
The  dirt  and  debris  in  No.  z  quarry  was  very  much  less,  and  was 
largely  washed  away  by  the  tide,  and  the  balance  easily  dumped  into 
deep  water  or  to  one  side  with  the  scow  derricks. 

The  hand  drilling  was  carried  on  by  two  men  at  each  drill,  making 
from  13  to  16  feet  per  day,  each  man  receiving  $2.75  per  day.  The 
holes  were  sprung  with  dynamite  and  loaded  with  from  two  to  four 
kegs  of  black  powder,  several  holes  being  shot  off  with  a  battery  at 
one  time.  The  block  holes  for  breaking  up  the  large  rock  were  all  fired 
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Fig.  337.— Giant  used  in  Quarbv  Slvicino. 


Fic.  338.— Sluictsc  out  Mvck  is  Riprai*  Quarry. 
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with  fuse.  These  holes  were  drilled  with  compressed-air  plug-drills. 
Fig.  339,  which  are  easily  operated  by  one  man.  The  hurley  drills. 
Table  XL VI,  were  also  operated  by  compressed  air,  and  were  of  the 
Sullivan  type,  Fig.  340,  and  supplied  with  air  from  a  Sullivan  com- 
pressor. Fig.  341.  This  compressor  was  a  9X10X12,  being  suf- 
ficiently large  to  operate  one  hurley  and  two  of  the  plug-drills  at  the 
same  time.  This  compressor  is  shown  in  Table  XLV,  but  ordinarily, 
it  would  be  better  to  have  the  compressor  the  9X18X12,  supplying 


PiG-  339— ''luo  Druj^  for  Block-holinc. 

565  cubic  feet  of  free  air  per  minute  for  similar  work,  or  large  enough 
to  operate  three  33-inch  hurleys  at  the  same  time.  The  amount 
of  air  required  for  operating  burley  drills  is  shown  in  Table  XLVII. 

For  the  benefit  of  those  desiring  to  purchase  their  first  rock-drill 
plant,  the  following  list  comprises  a  complete  outfit,  which  contains 
everything  necessary  for  operation  aside  from  boiler  or  air-compressor: 

One  rock  drill,  with  throttle  valve,  oiler,  wrenches,  and  extra  set 
of  packing  for  front  head. 

One  universal  joint  tripod,  with  weights  and  wrench, 

sets  of  drill  steels,  sharpened  ready  for  use  to  a  depth  of 

feet. 
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One foot  length  of inch ply 

(marUne  or  wire) wound  (steam   or  air) 

with  connections. 

One  set  of  blacksmiths'  tools  (five  pieces)  for  forming  and  sharpen- 
mg  the  drill-steel  bits. 

One  sand-pump  for  cleaning  out  the  holes. 


Fid.  340. — BuKLEV  OR  Tripod  Air  Urill. 

If  for  quarry  work  and  quarry  bar  is  required,  substitute: 

One  steel  quarry  bar  with  weights  and  wrenches. 

If  for  mining  or  tunneling  and  shaft  bar  or  column  is  required, 
substitute: 

One  column  with  clamp. 

The  printed  advice  accompanying  the  Sullivan  tools  in  regard 
to  sharpening  drills  is  worth  repeating.  "  Too  much  emphasis  can- 
not be  placed  on  the  importance  of  using  suitable  steel  with  rock 
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drills.  The  bits  must  be  properly  formed,  sharpened,  and  tem- 
pered for  the  work  in  hand,  or  the  drill  cannot  operate  to  advantage. 

"  It  will  prove  economical  to  secure  the  best  blacksmith  obtain- 
able to  care  for  the  drill  steel.  If  bits  of  the  right  temper,  shape, 
and  sharpness  are  always  on  hand,  the  drills  will  be  able  to  work 
constantly  to  the  best  advantajze,  whereas  delays  to  the  drills  mean 
losses  in  efficiency  to  the  whole  plant. 

"  For  general  mining  and  quarrying  purposes  the  ordinary  cross- 
bit  is  recommended.  The  proportions  of  the  bit,  as  to  length  and 
thickness  of  the  wings  or  ribs,  are  indicated  in  the  accompan)'ing 
illustrations.  Figs.  34a  a  to  d.  Figs.  342  a  and  b  are  bits  for  hard, 
non-gritty  rock,  and  are  alike  except  for  the  different  angles  shown 


Fic.  341.— -Sullivan  ;\ir  Compressor. 

on  the  cutting  edges.  Fig.  342  a  shows  about  the  highest  angle 
to  which  the  cutting  edge  can  be  made  without  danger  of  breaking. 
The  angle  shown  in  Fig.  342  b  on  the  cutting  edge  is  one  of  many 
which  may  be  used  under  different  conditions  without  any  other 
change  in  the  bit.  In  cutting  hard  and  medium  hard  rock,  sharp 
drills  and  a  wide-open  throttle  niay  be  used  to  good  ad\'antage, 
and  the  hole  will  not  ordinarily  clog  with  mud,  as  the  amount  of  rock 
loosened  by  each  blow  is  so  little  that  it  is  at  once  mixed  into  slush 
by  the  water  in  the  hole.  The  sharp  rebound  of  the  drill  when  strik- 
ing hard  rock,  together  with  the  positive  recovery  of  the  machine, 
quickly  gets  rid  of  this  slush.  If  the  same  bits  and  drill  are  run  on 
an  open  throttle  in  soft  or  even  medium  soft  ground,  the  hole  soon 
becomes  clogged.  The  reason  for  this  is  that,  while  the  hole  remains 
of  the  same  diameter,  and  the  amount  of  water  for  muddiog  purposes 
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is  therefore  the  same,  the  steel  chips  out  three  or  four  times  as  much 
dust  at  each  blow  as  it  does  in  hard  rock.  The  rate  of  cutting  should 
therefore  be  reduced  in  order  to  keep  the  drill  working  at  maximum 
efficiency-  The  speed  may  be  regulated  by  throttling  the  air  or  steam, 
but  this  reduces  the  rapidity  of  action  of  the  drill,  so  that  it  does 
not  always  mix  into  slush  the  dust  caused  even  at  the  slower  speed. 
The  recoil  of  the  steel  from  soft  rock  is  also  considerably  less.  In 
soft  rock  duller  bits  should  be  used,  like  that  shown  in  Fig,  343  (,d). 
The  angle  of  the  cutting  edge  may  be  even  higher  than  this,  some- 
.times  abnost  square  on  the  end,  in  order  to  secure  good  results. 

"  In  connection  with  the  above  subject,  it  is  well  to  bear  in  mind 
the  length  of  the  wings  or  ribs  for  different  kinds  of  work.    Figs. 


Rock  Drills. 


342  (a)  and  (6)  show  an  extreme  length  for  very  hard  rock,  intended 
to  give  strength  and  hold  the  gage  as  long  as  it  is  necessary.  Figs. 
342  (c)  and  (d)  show  shorter  ribs,  which  give  the  bit  more  clearance 
and  make  it  more  desirable  for  general  purposes.  Under  ordinary 
conditions  its  ability  to  mix  mud  is  much  greater  than  that  of  the 
long  bit  like  Fig.  342  (a).  For  drilling  dry  holes  in  tunnel  headings 
or  elsewhere,  the  bit  with  short  ribs  had  less  tendency  to  allow  the 
hole  to  draw  up.  The  wings  are  five-eighths  of  an  inch  thick  for  the 
size  shown  in  Figs.  342  (a)  to  (rf),  and  should  never  be  less  than  that 
for  this  size  of  bit  and  steel.  They  should  be  the  same  thickness 
throughout  to  allow  free  return  of  the  cuttings.  If  gage  less  than 
2J  inches  is  desired,  make  the  bit  correspondingly  shorter. 

"  In  seamy  ground,  the  bit  shown  in  Fig.  342  (c)  will  occasiooally 


D.qit.zeaOvGoOt^lc 


ROCE  FILL  FOUNDATIONS  AND  QUABKIES  475 

work  satisfactorily  when  a  cross-bit  would  not  prevent  a  '  rifled ' 
hole,  since  the  '  X  '  bit  strikes  only  half  as  often  as  the  '  +  '  bit 
in  a  given  spot.  Flat  or  chisel  bits  are  not  recommended,  since 
their  reaming  qualities  are  poor,  and  while  cutting  faster  than  the 
+  bit  under  some  conditions,  they  are  very  hard  on  the  machine. 
"  It  is  important  to  keep  the  wings  square  at  the  comers,  as  this 
pennits  the  gage  of  the  hole  to  be  properly  maintained.  Do  not 
use  a  set  of  steel  after  the  gage  has  begun  to  wear.  The  time  and 
trouble  taken  in  securing  fresh  steel  amount  to  little  in  comparison 


Fio.  343-— Skacit  River  Dvkes. 

with  the  delay  causing  by  trying  to  work  down  a  hole  with  stee! 
that  is  constantly  sticking,  to  say  nothing  of  the  wear  and  tear  on 
the  machine.  Blacksmiths  should  take  pains  to  furnish  bits  made 
exactly  to  the  required  gage.  A  little  neglect  in  this  particular 
causes  much  trouble  and  loss  of  time  to  the  drill, 

"  On  any  rock  on  which  the  cutting  edges  are  not  dulled  upon  the 
first  hole,  a  system  should  be  devised  by  the  foreman  or  superin- 
tendent to  determine  how  much  each  bit  will  do  without  too  much 
'  hammer  help.'     The  improvement  will  be  very  pronounced." 

Where  deep  holes  are  to  be  drilled  up  to  35  to  45  feet  in  depth  the 
Sullivan  type  "  UL  "  drill  must  be  used. 
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The  compressor  used  was  operated  by  a  6o-horse-power  boiler, 
and  was  supplied  with  a  largo  receiver  to  insure  steady  pressure. 

The  equipment  at  the  quarry  in  addition  to  the  above  comprised 
a  full  outfit  of  tools  of  all  kinds,  with  a  small  machine  shop  and 
blacksmith  shop  for  doing  repair  work.  The  camp  for  boarding 
the  men  was  a  model  of  its  kind,  having  a  large  bunk  house  for  the 
laborers,  and  a  number  of  smaller  houses  for  the  skilled  workmen, 
A  large  cook  house  and  dining-room  to  feed  175  men  at  one  time, 
and  a  reading-room,  card-room,  and  store  carrying  all  kinds  of  sup- 
plies were  provided.  The  camp  had  its  own  sewerage  system,  water 
system,  and  shower  baths  for  the  men.  The  charge  for  board  was 
$5.50  per  week  and  regular  prices  were  charged  for  supplies,  result- 
ing in  (air  profit. 

The  riprap  placed  around  bridge  piers  is  ordinarily  from  two- 
man  stone  down  to  small  pieces  of  5  or  10  pounds  in  weight,  as  the 
riprap  will  usually  stand  better  when  the  voids  arc  pretty  well  filled 
up.  The  seawall  for  the  railroad  embankment  previously  described 
required  rock  from  i  cubic  foot  in  size  upward,  but  the  author's 
experience  on  work  on  Puget  Sound  indicates  that  a  large  amount 
of  smaller  rock  should  be  used  ih  order  to  fill  up  the  voids,  other- 
wise the  wave  action  in  stormy  weather  will  wash  out  the  sand  bottom 
and  cause  the  seawall  to  flatten  out.  This,  of  course,  would  be  some 
different  in  swift  water  in  rivers,  or  for  heavy  seas  encountered  in 
break-water  and  jetty  work.  In  the  first  instance,  the  rock  would 
have  to  be  large  enough  to  resist  the  force  of  the  current,  and  in  the 
second  instance  to  resist  the  force  of  the  waves  and  breakers.  Several 
rock  fills  constructed  by  the  author  for  protecting  railway  embank- 
ments were  begun  by  following  out  the  specifications  excluding  the 
small  rock  and  quarry  waste,  but  after  finding  that  ordinary  storms 
caused  the  flattening  out  of  the  rock  work  as  before  described,  enough 
fine  rock  was  used  to  completely  fill  the  large  voids,  and  no  further 
trouble  was  experienced. 

Many  of  the  docks  at  Seattle  extend  out  into  water  from  50  to  70 
feet  deep  at  low  tide,  and  even  by  the  liberal  use  of  brace  piles  the 
piers  are  too  limber  and  unsteady,  and  it  is  necessary  to  fill  in  around 
the  piles  up  to  within  35  or  40  feet  below  low  water. 

The  work  at  Pier  No.  6  on  the  Seattle  waterfront  for  the  Mil- 
waukee Railroad  was  carried  out  by  the  author,  by  building  a  rock 
fill  from  12  to  18  feet  in  height  around  the  sides  and  end  of  the  pier 
with  riprap  rock,  and  then  filling  inside  with  quarry  waste  and  earth- 
Owing  to  the  soft  bottom  the  rock  sank  into  the  mud  so  that  approx- 
imately 50  per  cent  more  yardage  was  used  than  originally  estimated. 
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This  was  done  at  a  cost  of  $1.30  per  cubic  yard  for  the  rock  in  place 
and  43  cents  per  cubic  yard  for  the  filling,  the  rock  being  rolled 
over  the  sides  of  the  scow  by  hand,  care  being  taken  to  prevent  the 
scows  capsizing  by  keeping  them  trimmed;  and  the  earth  was  sluiced 
off  by  using  a  large  hose  attached  to  a  city  water  main.  Similar 
earth  work  for  other  piers  was  handled  by  using  a  large  centrifugal 
pump,  placed  on  a  scow  and  operated  by  a  steam  plant. 

The  construction  of  about  three  miles  of  river  dike,  Fig.  343,  on 
the  Skagit  River,  Washington,  carried  out  for  the  United  States 
Government  by  the  author,  required  about  20,000  tons  of  riprap 
rock  running  from  two-man  stone  down  to  pieces  of  30  pounds  in 
weight.  Two  rows  of  piles  were  first  driven  as  shown,  and  then 
several  feet  of  brush  fascines  were  placed  on  the  sand  and  the  rock 
placed  on  top  of  this.  As  rapidly  as  the  work  was  completed  it 
became  buried  in  sand,  and  the  channel  deepened,  following  the 
work  very  closely.    The  cost  of  this  work  is  shown  in  Chapter  XXXII. 

The  use  of  riprap  rock  as  the  foundation  of  sea-walls  is  described 
in  Chapter  XXIX,  where  it  has  been  extensively  employed  for  sup- 
port for  seawalls  in  New  York  City.  The  use  of  riprap  in  the 
construction  of  the  piers  at  South  Brooklyn  is  described  in  Chapter 
XXVII. 

The  harbor  work  at  Manila  in  the  Philippine  Islands  required 
about  900,000  tons  of  riprap  rock,  which  was  towed  across  Manila 
Bay  from  Marivales,  a  distance  of  about  thirty  miles,  by  two  large 
steel  tugs,  and  a  fleet  of  wooden  scows  about  30X125  feet  in  size. 
The  rock  was  of  moderately  hard  volcanic  origin,  and  in  the  neighbor- 
hood of  300,000  tons  were  shot  and  broken  up  at  one  time  nearly 
ready  for  loading,  by  the  shooting  of  a  large  coyote.  A  cable-way 
running  from  the  top  of  the  hill  to  an  anchorage  in  the  bay  made  it 
possible  to  place  the  scows  underneath  it  where  they  could  be  readily 
loaded  by  this  means.  The  contract  price  was  $3.50  per  ton  in  place 
at  sea-walls. 

The  work  on  San  Luis  Obispo  Harbor,  California,  break-water 
was  carried  out  under  the  following  specifications: 

The  work  to  be  done  under  these  specifications  will  consist  in 
furnishing,  delivering  and  placing  in  position  stone  to  repair  and 
complete  the  breakwater  now  under  course  of  construction  at  San 
Luis  Obispo  Harbor  (Port  Harford),  California.  So  much  stone  as 
may  be  necesssary  will  be  used  in  repairing  the  break-water  already 
constructed  and  the  remainder  in  extending  the  work. 

The  stone  must  be  of  suitable  quality,  not  liable  to  disintegrate, 
generally  angular  in  shape,  and  of  random  sizes,  no  piece  to  weigh  less 
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than  10  pounds.  The  least  dimension  is  not  to  be  less  than  one- 
fourth  the  greatest,  nor  the  weight  per  cubic  foot  less  than  130  pounds 
when  dry. 

It  is  the  intention  to  build  the  rubble  mound  approximately  to 
a  height  of  about  6  feet  above  mean  high  tide,  with  top  width  of  20 
feet  and  with  slopes  on  outer  and  inner  sides  of  i  on  2  and  i  on  i^ 
respectively  and  an  end  slope  of  about  i  on  3.  Any  stone  under 
100  pounds  must  be  confined  to  the  lowest  course  of  the  work.  Stone 
under  2  tons  will  be  confined  to  the  hearting  of  the  mound  below 
low-water  depths  of  6  feet,  and  must  be  covered  by  stone  of  2  to 
4  tons  and  upward  up  to  low  water.  Above  low  water  and  as  a 
covering  for  the  slopes  from  low  water  to  10  feet  below  low  water, 
stone  from  4  to  8  tons  in  size  will  be  used.  In  the  top  covering 
and  in  the  covering  for  the  slopes  down  to  low  water,  stones  only 
of  8  tons  and  upward  in  size  will  be  used,  except  perhaps  a  small 
percentage  of  smaller  stone  for  use  in  chinking  between  the  larger. 
In  building  up  the  uncompleted  wall  and  in  the  repair  work,  very 
little  stone  under  8  tons  will  be  used.  It  is  estimated  from  the 
present  condition  of  the  breakwater  that  about  40  per  cent,  of  the 
stone  may  be  in  sizes  under  2  tons,  30  per  cent,  in  sizes  of  2  to  4  tons, 
20  per  cent,  in  sizes  from  4  to  8  tons  and  10  per  cent,  in  sizes  of  8  tons 
and  upward.  Stone  of  the  various  sizes  must  be  delivered  as  may 
be  from  time  to  lime  required  and  placed  in  the  work  where  directed. 

The  use  of  large  rock  for  the  base  of  a  breakwater  in  rebuilding 
jetties  at  Humboldt  Bay,  California,  is  described  in  "Professional 
Memoirs"  bv  Morton  L,  Tower,  Assistant  Engineer;  M.  Am,  Soc, 
of  C.E. 

Humboldt  Bay,  on  the  northern  coast  of  California,  latitude  40° 
45',  is  the  principal  lumber-shipping  port  of  the  State  of  California, 
being  in  the  center  of  one  of  the  most  productive  forest  areas  known 
to  man. 

'The  entrance  to  the  harbor  is  between  two  low  sand-spits.  The 
area  of  the  bay  at  low  water  is  ir.4  square  miles  and  at  the  con- 
tour 6  feet  above  low  water  it  is  25.3  square  miles.  The  mean  rise 
and  fall  of  the  tide  is  4.3  feet  with  extreme  ranges  as  great  as  11 
feet,  from  9J  feet  above  to  ij  feet  below  the  plane  of  reference  estab- 
lished by  the  United  States  Coast  and  Geodetic  Survey  at  the  mean 
of  the  lower  low  waters. 

In  its  natural  condition  the  erosion  of  the  tidal  currents,  modi- 
fied by  the  ever  present  but  constantly  changing  surf  conditions, 
resulted  in  a  channel  unstable  as  to  position,  depth,  or  direction, 
with  a  general  ruling  depth  of  about  12  feet  at  low  water. 
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The  harbor  was  first  examined  with  a  view  to  improving  the 
condition  of  the  entrance  in  1877,  but  owing  to  the  difficulties  to 
be  encountered  and  the  then  undeveloped  stage  of  jetty  construc- 
tion methods,  no  recommendations  for  actual  construction  were 
made.  The  report  stated  that  a  safe  entrance  could  be  obtained 
by  the  construction  of  two  parallel  jetties  about  5c»  yards  apart. 

Following  an  appropriation  in  1881,  control  of  the  South  Spit 
was  attempted  by  the  use  of  brush  mattresses.  The  work  being 
carried  on  with  no  appreciable  result'  until  1887,  when,  following 
the  development  of  construction  methods  at  Galveston,  Te.\,,  and  on 
the  Oregon  Coast  at  Yaquina  Bay  and  at  the  mouth  of  the  Columbia 
River,  a  plan  for  improving  the  channel  conditions  by  means  of 
two  jetties  of  riprap  stone  deposited  from  pile  trestles  was  adopted. 
Work  on  the  jetties  was  commenced  in  1887  and  continued  until 
1899.  A  total  of  over  i,coo,ooo  tons  of  stone  was  used,  the  cost  of 
the  work  being  $2,040,203.35. 

The  channel,  both  as  regards  alignment  and  depth,  secured  by  the 
improvement  was  all  that  was  expected  and  was  maintained  for 
several  years  at  not  less  than  z6  feet  at  mean  lower  low  water  with 
considerable  periods  when  a  ruling  depth  of  30  feet  prevailed. 

The  jetties  were  constructed  by  depositing  stone  ranging  in  size 
up  to  pieces  of  10  tons,  from  pile  trestles — the  method  generally 
used  on  the  North  Pacific  Coast. 

The  effect  of  the  severe  surf  on  these  jetties  has  been  to  cause 
subsiding  of  the  outer  ends  of  the  work,  principally  by  reduction 
of  slopes  and  by  displacing  the  top  stone.  The  smaller  pieces  of 
stone  have  been  washed  away  and  some  disintegration  of  the  stone 
has  occurred.  The  mass  has  also  settled  into  the  bottom  to  some 
extent.  Attrition  by  the  sand-laden  water  is  a  source  of  possible 
loss,  considering  the  total  amount  of  surface  exposed. 

The  desirability  of  using  large-sized  stone  is  a  factor  in  jetty 
maintenance  whicli  has  been  well  established  by  experience  at  all 
the  North  Pacific  Coast  harbors.  In  planning  this  work  it  was 
decided  that  the  limiting  size  should  be  20  tons.  It  was  also  con- 
sidered desirable  that  these  stones  be  lowered  to  place  to  avoid 
breaking  them  or  the  stone  they  fell  on,  which  often  occurs  when 
stone  is  deposited  by  dumping  from  cars  on  an  elevated  track.  The 
use  of  an  unloading  crane  also  permits  the  placing  of  stone  in  a 
selected  position  in  the  jetty,  which  cannot  be  done  when  it  is 
dumped  from  a  tramway. 

All  the  quarries  adjacent  to  Humboldt  Bay  are  at  a  considerable 
distance  from  the  navigable  channels,  thus  rendering  rail  trans- 
portation essential  from  the  quarry  to  tide  water.  The  quarry 
used  is  7  miles  from  the  nearest  landing. 

The  largest  single  item  of  plant  involved  in  the  construction  is 
the  cars.    It  was  deemed  that  it  would  be  cheaper  in  the  end  if 
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these  were  of  standard  design  and  hence  salable  when  the  work  was 
completed. 

A  tramway  of  sufficient  strength  to  carry  a  30-ton  craoe  and 
standard  40-ton  railroad  equipment  is  necessarily  much  heavier 
and  more  expensive  than  the  jetty  tramways  used  along  the  Oregon 
and  Washington  coasts,  where  narrow-gage,  special  dum[>-cars  are 
used. 

The  storms  of  many  years  had  beaten  the  old  enrockment  into 
a  compact  mass,  such  that  it  would  have  been  impos.4ible  to  drive 
piles  into  it,  and  for  a  tramway  it  would  have  been  necessary  to 
place  a  portion  of  the  piles  of  each  bent  in  the  sand  to  give  it  any 
lateral  stabiUty. 

Stone  for  the  work  is  supplied  under  contract  by  the  Hammon 
Construction  Company  at  the  following  prices: 

Class  I $1 .  74 

Class  2 1 .  56 

Class  3 1.50 

Class  4 1 .  50 

The  following  is  printed  from  the  specifications  under  which  the 
stone  is  being  supplied : 

DESCRIPTIONS  OF  UATEEUL 

Class  I  Stone.  To  be  of  large  pieces  only,  weighing  from  10  tons  to  to  tons 
each  piece.  These  stones  will  be  used  for  slopes  on  the  outer  end  of  the  work, 
and  none  will  be  received  until  the  jetty  repairs  have  been  extended  3300  feet 
from  the  high-water  shore  lines.  Delivery  of  this  stone  will  be  required  up  to 
500  tons  per  day  when  work  is  in  progress  on  the  outer  ends  of  both  jetties.  Stone 
of  Class  I  will  be  loaded  directly  on  the  fiat  car  without  the  use  of  skips. 

Class  a  Stone.  To  be  in  pieces  of  1000  pounds  each  to  pieces  of  10  tons  each, 
in  the  following  proportions: 

One-fourth  of  each  day's  supply  may  be  in  pieces  of  1000  pounds  to  pieces 
of  3  tons;  one-half  of  each  day's  supply  must  be  in  pieces  of  from  3  tons  to  6 
tons  each;  and  one-fourth  of  each  day's  supply  must  be  in  pieces  from  6  to  10 
tons  each. 

This  class  of  stone  will  form  the  major  portions  of  the  repairs  to  the  jetties. 
It  is  expected  that  the  delivery  required  will  not  be  less  than  1000  tons  per  day 
after  the  work  has  been  well  commenced  on  both  jetties,  and  about  500  tons  per 
day  for  the  first  season's  work. 

Stones  of  Class  2,  when  in  pieces  under  6  tons  each,  must  be  loaded  on  suitable 
skips  holding  up  to  10  tons  of  stone  each.  Skips  will  be  strong  and  designed  for 
lifting  at  the  four  comers.  Four  comer  hooks  will  be  provided  on  each  skip  for 
the  convenient  attachment  of  the  unloading  crane  spider  chain.  Skips  will  be 
kept  in  good  working  order  by  the  contractor. 

Class  3  Stone.  .  Will  be  used  only  for  bringing  the  top  of  the  rough  mound 
to  a  nearly  smooth  tight  surface,  and  for  concrete  displacers.  It  will  be  in  pieces 
not  less  than  3  pounds  nor  more  than  500  pounds  each,  delivered  on  skips  similar 
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to  thc»e  above  described.  Stone  of  Class  i  or  Class  2  must  not  be  loaded  on  cars 
carrying  stone  of  Class  3.  Stone  of  Class  3  will  be  used  in  decreasing  amount  as 
the  jetties  are  extended.  From  tao  tons  per  day  at  the  commencement  of  the 
work  to  about  10  tons  per  day  when  the  outer  end  of  the  work  is  reached. 

Class  4  Stone.  Will  be  used  for  making  concrete.  It  may  be  clean  crusher 
run  of  the  same  rock  as  used  for  the  other  classes,  or  a  good  selected  or  washed 
river  gravel  may  be  used.  It  must  vary  in  si/e  from  pieces  with  greatest  dimen- 
sion not  more  than  3  inches  to  the  finest  product  of  the  crushers.  If  river  gravel 
be  used  it  must  be  thoroughly  washed,  all  organic  matter  of  any  nature  removed, 
and  screened  if  necessary  to  exclude  pieces  greater  than  3  inches  largest  dimen- 
sion. Either  gravel  or  stone  must  be  of  hard  durable  rock  which  will  not  dis- 
integrate in  the  finished  work. 

Broken  stone  or  gravel  will  be  loaded  on  flat  cars,  provided  with  suitable 
sides.  The  amount  required  will  vary  from  abotit  70  tons  per  day  during  the 
first  part  of  the  work  to  8  tons  per  day  for  the  outer  ends  of  the  jetties. 

Stone  of  all  classes  must  be  hard,  close  grained,  and  not  liable  to  disintegrate 
in  the  work.  It  must  be  free  from  scams  of  any  nature  and  of  uniform  grain 
and  texture.  It  must  be  delivered  free  from  all  dirt,  quarry  refuse,  or  foreign 
material  of  any  nature,  preferably  in  nearly  cubical  blocks.  The  greatest  dimen- 
sion of  any  piece  will  not  exceed  five  times  the  least  dimension.  It  must  weigh 
not  less  than  150  pounds  per  cubic  foot.  dry.  Bidders  will  submit  samples  of 
the  stone  they  propose  to  deliver  and  will  name  the  location  of  the  quarry  or 
quarries  which  they  propose  to  operate.  Stone  will  not  be  accepted  for  use  in 
the  jetty  until  the  quarry  from  which  it  is  to  be  supplied  has  been  approved  by 
the  contracting  officer.  A  compact  stone  of  high  specific  gravity  is  desired. 
The  weight  per  cubic  foot  and  quality  of  the  rock,  as  well  as  the  price  per  ton, 
will  be  considered  in  making  the  award. 

The  United  States  reserves  the  right  after  at  least  a  season's  trial  to  require 
that  no  further  deliveries  of  stone  of  Classes  3  and  4  be  made,  but  that  the 
amount  of  stone  to  make  up  the  undelivered  portions  of  the  30,000  tons  and  14,000 
tons  mentioned  in  paragraph  18  be  fumbbed  of  Class  r  or  Class  2,  or  partly  of 
each  class. 

The  approval  of  a  quarry  by  the  contracting  officer  shall  not  prevent  the 
rejection  of  any  stone  not  complying  with  the  requirements  herein  specified. 

The  larger  portion  of  the  stone  supplied  is  a  close-grained  igneous 
rock,  weighing  about  198  pounds  per  cubic  foot.  It  is  very  difficult 
to  quarry,  breaking  into  very  uneven  fragments.  However,  by 
proper  manipulation,  a  minimum  of  waste  is  secured  and,  as  there 
is  no  covering  soil  to  be  contended  with,  the  quarry  is  very  satisfactory. 

A  second  stone  supply  from  the  same  vicinity  is  a  ciose-grained 
metamorphic  sedimentary  rock  with  irregular  planes  of  division 
of  argillaceous  material.  This  stone  weighs  167  pounds  per  cubic 
foot  and  is  easily  worked.  On  account  of  the  scams  and  a  con- 
siderable covering  of  soil,  which  cause  a  large  amoimt  of  waste,  it 
has  not  been  found  advantageous  to  furnish  any  considerable  quan- 
tity of  this  stone  so  far. 

The  stone  is  loaded  by  the  contractors  on  standard  flat  cars  and 
hauled  7  miles  to  a  loading  point  on  a  navigable  channel,  where  it 
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is  placed  on  barges  carrying  eight  cars  each.  When  delivered  at 
the  jetty  receiving  plant,  it  is  unloaded  and  the  empty  cars  are 
returned  to  the  barges. .  From  the  loading  point  to  the  jetty  landing 
is  9  miles. 

The  above  arrangement  permitted  the  contract  to  be  made  for 
the  material  only  and  the  contractors  have  nothing  to  do  with  the 
actual  jetty  construction.  The  United  States  is  not  required  to 
pass  on  the  rock  until  it  is  offered  for  use  at  the  jetty  wharf. 

The  contractor's  crew  has  numbered  generally  about  one  hun- 
dred men,  employed  for  seven  ten-hour  days  per  week.  The  fol- 
lowing plant  has  been  installed  by  the  contractors: 

Four  20-ton  stiff-leg  derricks,  lOO-foot  booms,  with  steam-driven 
hoisting  and  swinging  engines. 

One  steam  crane,  wiSi  shovel  attachment,  used  for  grading  pits 
and  tracks  and  for  loading  cars. 

One  two-stage,  i6XioXi4-inch,  Ingersoll-Rand  cross-compound 
air  compressor,  electrically  driven. 

One  small  jaw  rock-crushing  plant,  electrically  driven. 

In  addition,  there  is  the  usual  equipment  of  air-drills,  small 
tools,  shop  and  mess  equipment  and  appliances. 

Hollow  drill  bits  are  used,  and  since  the  installment  of  an  air- 
driven  Leyner  sharpener  no  difficulty  has  been  experienced  in 
successfully  quarrying  the  stone.  The  contractor's  transportation 
plant  consists  of  fifty  flat  cars,  60,000  pounds  capacity,  36  feet  long, 
two  car  ferry  barges  and  two  towboats.  From  the  quarry  to  the 
landing  the  cars  are  handled  over  a  logging  railroad  by  the  logging 
companies'  motive  power. 

The  contractors  are  now  providing  fifteen  additional  cars  and 
a  third  barge. 

The  receiving  and  depositing  plant  at  the  jetty,  belonging  to 
the  United  States,  consists  of  a  100-foot  span,  three-track  apron  for 
transfer  from  barge  to  shore  tracks,  adjusted  to  tidal  elevation  at 
barge  end  by  counterweights,  and  fixed  at  lo-foot  elevation  at  shore 
end;  two  locomotives;  three  fiat  cars  for  miscellaneous  materials;  a 
20  cubic-foot  concrete  mixer  mounted  on  a  flat  car;  a  lo-ton  revolv- 
ing and  traveling  unloading  crane,  gage  of  gantry  14  feet;  water 
supply  and  distributing  system;  fuel  oil  storage  and  distributing 
system;  a  repair  plant  with  power-driven  tools  for  ordinary  black- 
smith, carpenter,  and  light  machine  work;  an  electric-light  plant; 
store  house,  mess  house;  crew  quarters  and  necessary  minor  equip- 
ment for  the  work  in  progress,  A  new  stone-unloading  crane  of  20 
tons  capacity  is  now  in  course  of  construction. 

The  jetty  crew  varies  from  forty  to  fifty  men  working  six  eight 
hour  shifts  per  week. 

The  method  of  construction  is:  The  enrockment  is  first  brought 
to  an  elevation  averaging  2  feet  below  the  finished  grade  with  Class 
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2  stone;  pieces  weighing  from  lobo  pounds  to  lo  tons.  None  of 
the  pieces  of  Class  2  stone  are  allowed  to  project  above  6  inches 
below  grade — the  bottom  of  the  ties.  Voids  in  the  mass  are  then 
filled  with  Class  3  stone,  pieces  weighing  from  3  pounds  to  500 
pounds,  and  then  top  is  leveled  off  at  from  18  to  10  inches  below 
grade.  Holes  are  choked  by  hand-placed  stone.  A  rough  form  is 
made  by  tying  waie-pieces,  6X8  inches  X 20-foot  ties,  together 
with  wires  5  feet  apart,  and  nailing  to  them  short  vertical  boards 
with  bottoms  in  contact  with  the  rock.  A  rock  dam  is  built  at  the 
front  end  of  the  form.  Concrete  is  mixed  rather  dry,  deposited 
with  a  cubic  yard  self-dumping  and  self-righting  bucket,  handled 
by  the  stone-unloading  crane.  The  concrete  is  brought  to  within 
an  inch  or  so  of  the  bottom  of  the  ties.  The  end  tie  is  brought  to 
grade,  the  crane  rails  laid,  and  the  ties  placed  and  spiked.  Con- 
crete is  then  continued  to  the  top  of  the  ties. 

The  concrete  mixer  is  mounted  on  the  end  of  a  standard  flat  car, 
the  discharge  shoot  delivering  over  the  end.  Mixing  water  is  sup- 
plied by  gravity  from  a  tank  on  the  opposite  end  of  the  car.  Oil 
fuel  is  supplied  by  gravity  from  a  tank  near  the  water  tank.  The 
oil  and  water  tank  also  supply  the  stone-unloading  crane.  Oil  is 
pumped  and  water  flows  by  gravity  to  the  crane  supply  tanks. 
Cement  for  a  day's  operation  is  carried  on  the  concrete  mixer  car. 

The  concrete  is  machine  mixed  in  a  Foote  Batch  Mixer  of  21 
cubic  feet  capacity,  end-discharge  type,  steam  driven. 
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CALCULATION  OF  PIERS,' FOOTINGS   AND  RETAINING    WALLS 

The  calculation  of  the  stability  of  piers  and  retaining  walls,  and 
the  calculation  of  the  strength  of  footings  is  not  entirely  germane 
to  the  subject  of  this  treatise,  but  in  order  to  properly  design  and 
execute  the  foundation  work  it  is  necessary  for  the  engineer  to  be 
able  to  hx  the  dimensions  lor  piers,  retaining  walls,  and  footings. 

Where  piers  have  been  properly  designed  to  distribute  the  load 
on  the  foundation,  and  have  been  given  the  ordinary  batter  of  from 
J  to  I  inch  per  fool,  there  is  little  chance,  even  with  the  highest  piers 
that  are  likely  to  be  constructed  of  masonry,  of  any  lack  of  stability 
under  any  ordinarj'  combination  of  forces,  and  yet  the  engineer 
should  go  over  the  calculations  for  stability  just  as  carefully  as  if 
there  were  real  danger  of  failure.  For  wide  city  bridges  and  double- 
track  railroad  spans  the  investigation  of  stability  becomes  quite 
perfunctorj-,  but  for  high  piers  with  long  spans  for  highway  work, 
for  lift  bridges,  and  for  single-track  railway  spans  on  high  piers,  the 
calculations  should  be  carried  out  with  great  care  in  order  to  be 
positive  that  conditions  have  been  fully  taken  care  of. 

The  forces  acting  upon  and  lengthwise  of  the  pier  (Fig.  344)  and 
with  the  current  tend  first,  to  overturn  the  pier;  second,  to  slide 
it  upon  some  section  between  the  coping  and  the  base;  third, 
to  slide  it  upon  the  base;  fourth,  to  crush  it  at  some  section  of  the 
pier;  or,  fifth,  to  cause  the  failure  of  the  foundation  bed  itself. 

The  forces  acting  crosswise  of  the  pier  (Fig.  345)  and  at  right  angles 
with  the  current  and  in  line  with  the  bridge  are  first,  the  pressure  of  the 
wind  on  the  side  of  the  pier;  second,  the  force  caused  by  the  expan- 
sion and  contraction  of  the  spans;  and  third,  the  skidding  force  of 
the  train.  Other  forces  may  occur,  as  in  the  case  of  movable  or 
bascule  spans  resting  on  piers;  collision  of  boats;  log  jams,  or  the 
lodging  of  heavy  drift. 

Taking  up  the  forces  acting  lengthwise  of  the  pier,  the  first  effect 
to  be  considered  is  that  of  the  overturning  moment.  The  eleva- 
tion of  the  pier  shown  in  Fig.  344  has  the  points  of  application  of  the 
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forces  shown  by  the  letters  A  to  6',  A  and  B  are  the  points  of 
application  of  the  wind  blowing  against  the  bridge  trusses.  The 
greatest  pressure  of  the  wind  (Table  XLVIII)  may  be  taken  at  50 
pounds  per  square  foot  on  i.S  times  the  exposed  surface  of  one  truss, 


FiC.   344.— LONOITUDINAL   PlER   STRESSES. 

or  corresponding  to  a  wind  velocity  of  over  100  miles  per  hour.  This 
pressure  need  not  be  considered  as  acting  when  a  train  is  passing  over 
the  bridge,  as  it  would  be  unlikely  that  a  train  would  venture  out 
on  to  a  bridge  in  such  a.  gale,  and  where  the  force  is  considered  as 
coincident  with  the  passage  of  a  train  it  may  be  taken  at  30  pounds 
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per  square  foot,  corresponding  to  a  wind  velocity  of  about  80 
miles  per  hour.  These  two  forces  comprising  the  total  wind  load 
on  the  trusses  can  be  considered  as  acting  half-way  between  A  and  B. 
In  addition  to  these  it  will  be  necessary  to  figure  the  wind  pressure 
on  the  floor  system  at  the  same  pressure  per  square  foot,  acting  at  a 
point  above  B,  at  the  center  of  the  side  elevation  of  the  floor  system. 


TABLE  XLVIII.— WIND  PRESSURE. 
Smeaton's  Fonnula  ^=-005^'. 


MUcs  per  HoBr. 

Feet  per  Minute 

P«t  per  Second. 

Force  in  Lbs. 
per  Sq.  Ft. 

1 

SS 

1.47 

o.oos 

Zephyr 

3 

176 
264 

93 

40 

0.045 

1  Very  Light 

4 

351 

87 

O.oSo 

1  Light  Breeze 

5 

440 

33 

O.I2S 

J      * 

IS 

S80 
1310 

It 

7 

0.500 

1. 125 

I  Ordinary  Brewe 

=5 

i;6o 

36 

3 
6 

2.000 

3."S 

j  Ordinary  Gale 

JO 

35 

2640 
3080 

5" 

3 

4-SOo 

6.125 

}  Strong  Wind 

45 

33  w 
3960 

58 
66 

6 

10.I2S 

}  Vory  Strong  Wind 

S° 

4400 

73 

3 

11,500 

Hard  Storm 

60 
70 

5280 
6160 

88 

7 

t-^ 

1  Very  Hard  Storm 

So 

7040 

3 

31.000 

• 

90 

79  JO 

133 

40.500 

100 

8800 

146.6 

50,000 

J 

The  force  C  is  the  wind  pressure  on  the  exposed  area  of  a  train, 
and  may  be  taken  as  acting  at  a  height  of  8  feet  above  the  rail  on  a 
surface  of  10  square  feet  per  lineal  foot  of  the  train,  or  equal  to  300 
pounds  per  lineal  foot  of  train,  on  the  basis  of  30  pounds  per  square 
foot.  Complete  calculations  of  stability  should  be  made  with  and 
without  the  train. 

The  force  Z),  or  the  wind  pressure  acting  on  the  shaft  of  the  pier, 
is  very  seldom  considered,  but  in  a  strict  analysis  it  should  be  taken 
into  account  and  will,  of  course,  be  an  amount  obtained  taking  the 
width  of  a  face  of  a  rectangular  pier,  multiplied  by  the  height  above 
the  water,  multiplied  by  30  or  50  pounds  per  square  foot,  as  the  case 
may  be,  and  acting  at  one-half  of  the  height  from  the  surface  of  the 
water  to  the  top  of  the  pier.  For  a  pier  with  rounded  ends  this  force 
would  only  be  about  0.5  of  that  upon  the  face  of  a  rectangular  pier. 
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The  force  E  is  the  centrifugal  force  of  the  train  acting  at  say  4 
feet  above  the  rail,  where  the  track  is  on  a  curve.  This  force  may  be 
calculated  from  the  formula: 

i^  =  .ooooii67  VWW. 

F  =  speed  of  train  in  miles  per  hour; 
D  =  degree  of  curvature  of  track; 

IV  =  weight  of  the  train  coming  upon  the  half  spans  resting 
upon  the  pier. 

The  force  F  is  the  pressure  exerted  by  moving  ice  in  rivers  where 
ice  is  likely  to  run.  This  force  is  ordinarily  figured  at  300  pounds 
per  square  inch,  but  on  the  St.  Louis  bridge  it  was  figured  as  high 
as  600  pounds  per  square  inch  on  the  area  estimated  to  be  covered 
by  the  crushing  ice.  Where  ice  or  log  jams  occur  the  pressure  will 
probably  be  equal  to  the  hydrostatic  pressure  on  the  space  occupied 
by  the  pier  and  the  half  span  on  each  side,  from  the  hydrostatic 
head  due  to  the  difference  in  the  elevation  of  the  water  above  and 
below  the  bridge.  More  than  likely  the  force  of  an  ice  jam  will  be 
one  entirely  beyond  the  bounds  of  calculation,  and  the  judgment  of 
the  engineer  must  govern  the  alllowance  to  be  made  for  rivers  in 
very  cold  climates;  although  it  will  probably  not  be  necessary  to 
go  to  the  great  extreme  of  building  such  heavy  piers  with  ice  breakers, 
as  were  constructed  by  Robert  Stephenson  for  the  Victoria  bridge 
over  the  St,  Lawrence  River.  The  force  of  the  ice  is  to  be  taken 
as  acting  at  the  level  of  high  water. 

The  force  G  is  the  pressure  due  to  the  current,  which  may  be 
considered  as  acting  at  one-third  the  depth  below  high  water.  This 
pressure  in  pounds  per  square  foot  may  be  taken  at  a  value  deter- 
mined by  Weisbach's  formula: 


TI''  =  weight  of  water  per  cubic  foot  =  62.43  pounds; 

?  =  velocity  in  feet  per  second; 

g  =  acceleration  of  gravity  =  32.2  feet  per  sec, perse* 
K=i.47  for  square  piers; 
^=  ^-33  for  rectangular  piers; 
K  =  o.-ji  for  cylinders; 

K=o.6-j  for  piers  pointed  with  arcs  of  a  circle; 
J^  =  o.6o  for  elliptical  piers. 
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The  value  obtained  from  this  formula  is  based  on  the  maxmiiun 
velocity  of  the  stream,  and  while  the  average  velocity  is  very  often 
taken  at  one-half  the  maximum,  it  is  well  to  be  on  the  safe  side  and 
use  at  least  two-thirds  of  the  value  as  obtained  from  the  formula. 

These  forces  acting  with  their  respective  lever  arms,  equal  to  the 
distance  from  the  point  of  application  above  the  base  of  the  pier, 
or  the  section  under  investigation,  are  offset  by  the  moment  of  the 
vertical  weights,  iirst,  of  the  spans;  second,  the  weight  of  the  train 
(when  the  wind  force  is  taken  at  30  pounds  per  square  foot);  third, 
the  weight  of  the  pier,  less  the  buoyancy  of  the  water  if  it  is  possible 
for  the  water  to  get  under  the  base  of  the  pier,  taken  at  62,43  pounds 
per  cubic  foot,  for  the  number  of  cubic  feet  of  the  pier  immersed 
in  water.  Should  the  support  afforded  by  the  side  friction  of  the 
pier  be  taken  into  account,  this  also  should  be  deducted  from  the 
weight  of  the  pier;  but,  on  the  other  hand,  if  this  is  taken  account 
of,  the  resistance  of  the  ground  from  the  bed  of  the  stream  to  the 
base  of  the  pier  acting  to  prevent  overturning  must  also  be  taken 
account  of,  at  such  a  value  as  judgment  dictates  from  a  study  of  the 
ultimate  bearing  value  of  the  soil,  very  small  in  silt  and  reasonably 
large  in  packed  sand  or  gravel;  so  that  in  making  an  investigation 
of  a  pier's  stability,  a  section  at  the  bed  of  the  stream  or  a  small 
distance  below,  should  be  investigated  as  well  as  at  the  base  of  the 
pier. 

The  moment  of  these  vertical  forces  is  usually  calculated  by  tak- 
ing a  lever  arm  equal  to  the  distance  from  the  resultant  line  of  their 
action  to  the  leeward  boundary  of  the  pier,  but  this  lever  arm  should 
never  be  used,  but  one  used  of  such  a  length  to  some  point  within 
the  pier  as  judgment  and  careful  investigation  would  dictate.  Where 
the  piers  are  founded  on  piles,  or  upon  a  yielding  bottom,  a  reduced 
lever  arm  must  be  used,  taken  from  the  center  of  application  of  the 
vertical  forces  to  the  center  of  gravity  of  an  area  next  the  end  of  the 
pier,  where  the  maximum  load  possible  to  be  carried  by  the  piles  or 
the  material  would  act.  Where  the  pier  is  designed  with  a  factor 
of  safety  of  eight,  this  would  reduce  the  lever  arm  by  one-sixteenth 
the  length  of  ihe  pier. 

The  forces  acting  on  the  piers  transversely,  or  in  the  direction 
of  the  center  line  of  the  bridge  (Fig.  345)  will  consist  of  the  forces 
X,  Y,  and  Z;  X  being  the  skidding  force  or  0.2  times  the  total  weight 
of  train  on  the  adjoining  half  spans. 

The  expansion  force  Y  is  equal  to  the  weight  of  the  half  span 
expanding  on  a  pier,  multiplied  by  the  coefficient  of  friction,  running 
from  0.1  to  0.3;  this  will  not  act  if  large  well-acting  rollers  are  used, 
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but  will  come  into  play  if  the  rollers  are  too  small,  or  are  rusted  so 
they  will  not  act. 

The  force  Z  is  the  wind  pressure  on  the  surface  of  the  pier  taken 
at  30  pounds  per  square  foot  with  a  train  on  the  bridge,  or  50  pounds 


Fic.  34S.— Tbahsvebse  Pikb  Stbesses. 


per  square  foot  without  the  train;  but  will  not  be  considered  to  act 
to  cause  sliding  if  full  wind  pressure  is  figured  longitudinally.  The 
moment  of  these  forces  will  be  obtained  with  the  lever  arm  of  X  and 
Y,  from  the  points  of  application  of  the  forces  as  shown,  to  the  sec- 
tion being  investigated,  or  to  the  maximum  at  the  base  of  the  pier. 
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The  force  Z  is  to  be  considered  as  acting  at  the  center  of  the  exposed 
area  above  the  water;  the  transverse  resisting  moment  of  the  pier 
is  to  be  obtained  in  exactly  a  similar  manner  to  that  already  described 
for  the  longitudinal  forces. 

The  resultant  of  the  forces  in  both  directions  tending  to  overturn 
the  pier,  will  act  to  slide  the  pier  upon  any  section  under  investiga- 
tion, or  u[X)n  the  base  of  the  pier,  and  the  resistance  to  sliding  on  the 
base  will  never  be  less  than  0.33  times  the  weight  of  the  spans,  train, 
and  pier  as  previously  determined  for  masonry  on  moist  clay,  up 
to  a  maximum  value  0.75  of  the  total  weight  so  obtained,  for  masonry 
with  slightly  moist  mortar,  at  any  section  above  the  base. 

The  investigation  into  the  direct  crushing  of  the  pier  at  any 
section  can  be  carried  out  by  determining  the  total  load  above  the 
point  to  be  investigated,  and  comparing  that  to  the  crushing  value 
of  the  material  of  which  the  pier  is  composed.  The  failure  of  the 
foundation  would  usually  only  come  about  by  the  total  weight  on 
the  foundation  determined  as  above,  exceeding  tiie  maximum  load 
the  foimdation  would  carry;  it  should  usually  have  a  factor  of  safety 
of  eight,  although  it  should  never  have  a  less  factor  of  safety  than 
four  against  failure.  When  it  is  deemed  necessary  for  a  high  pier 
to  investigate  the  compression  caused  on  the  leeward  side  of  a  pier 
by  the  forces  acting  on  it,  this  can  be  found  by  using  the  method  given 
in  Baier's  "  Masonry  Construction,"  tenth  edition,  page  353.  The 
pier  is  then  considered  as  a  vertical  cantilever  beam  fixed  at  the 
bottom  and  the  moment  of  the  horizontal  forces  computed;  then  the 


Total  unit  pressure  at  the  windward  side  =  P=~ -; 

o      2/ 


W  =  Total  vertical  load  on  pier; 

5  =  Area  of  horizontal  cross-section; 
JW  =  Moment  of  horizontal  forces; 

/  =  Length  of  pier; 

/  =  Moment  of  inertia  of  section  about  a  gravity  axis  per- 
pendicular to  the  hoitsontal  forces; 

,    T.  ,      bP 

I  =  eoT  rectangle = — ; 

i=Thickness  of  pier, 
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The  allowable  pressure  on  masonry  of  various  kinds  is  given  in 
Table  XLIX,  and  the  allowable  safe  load  on  foundations  as  com- 
piled by  the  author  is  given  in  Table  L,  as  supplementary  to  those 
given  in  Chapter  XXI.  The  calculation  of  the  offset  for  footing 
courses  has  been  discussed  in  Chapter  XXI,  and  the  most  valuable 
of  the  data  pven  in  the  University  of  Illinois  Bulletin  No.  67  on 
reinforced  footings  is  quoted  verbatim  at  some  length,  but  for  addi- 
tional information  as  to  the  calculation  of  reinforced  footings  the 
reader  is  referred  to  the  various  other  bulletins  mentioned  in  the 
following  pages,  and  to  the  various  treaUses  on  Reinforced  Concrete. 

TABLE  XLIX.— SAFE  LOAD  FOR  MATERIALS  IN  PIERS. 
Short  Tmis  per  Square  Foot.     Factor  8.  . 


Material. 

T.  Sq.  Pi. 

(0) 

MsUrial 

T.  Sq.  Ft. 

Granite 

90 
8S 
7S 
60 

6S 
3 

50 
6S 
3 

5 
IS 

9 

Portland  concrete  1:5 

Portland  concrete  i  :  8 

Portland  concrete  I  :io.... 

Btkkwotk  (ordinaty) 

TABLE  L.— SAFE  LOAD  ON  FOUNDATIONS. 
Usual  Maximum  in  Short  Tons  per  Square  Foot  when  Material  is  Confined. 


„.»,^. 

T.  Sq.  Pt. 

Mutsrial. 

T.  Sq.  Ft. 

43 
S-o 
SO 
i-S 
t-S 

Loose  beds  with  piling 

Loose  beds  with  concrete. . . 
Brick,  stock  mortar 

a  n 

3 
3 

4 

5 

»S 

^ 

Moist  sand  and  clay 

Rock  (hard  as  concrete).... 

Firm  stone  on  dry  clay 

- 

The  yiilue*    ipvtn  for  bi 
are  thn  uaml  mMimum  vali 

AppTtMtrhea  the  bRi  of  tht 


r    power  of  vnrioui  foandation  bcdi  in  column  one  of  Tible  L 

1  confimmcnt  t^al  pnventiipreTdinR,  "Aithe  [ouDdalion*b«i 

.  -. __.  from  this  depth,  the  sllowable  reduced  preuire  ni«ir  b*  ofatainol 

formula  by  Che  author: 

|>-o.6«d +0.0143* 


-coMlant  value  Table  L. 
-depth  below  bed  of  aieam. 
id  the  cofidltian*  tie  pecollariy  good  at  greater  depths  than 


«  pecollariy  i 


D.qit.zeaOvGoOt^lc 


492  SUB-AQUK0U8  FOUNDATIONS 

The  subject  of  reinforced  concrete  wall  footings  and  column 
footings  is  covered  in  the  University  of  Illinois  Bulletin  No.  67,  ioy 
Prof.  A.  N.  Talbot.  The  following  is  taken  verbatim  from  that 
paper; 

Footings  form  an  important  element  in  the  design  of  masonry 
structures.  The  two  forms  of  footing  most  commonly  us*d  may 
be  named  the  wall  footing  and  the  colunm  footing,  the  former  pro- 
jecting laterally  on  the  two  ^des  of  a  longitudinal  wall  and  the  latter 
extending  in  four  directions  from  the  base  of  a  column  or  pedestal 
block.  It  is  usually  assumed  in  the  design  of  foundations  that 
the  earth  conditions  are  such  as  to  make  the  upward  pressure  on  the 
footing  uniform  over  its  surface.  Wide  differences  exist  in  methods 
of  deigning,  due  to  differences  in  the  assumptions  made  with  ref- 
erence to  the  structural  action  of  the  footing.  It  is  not  strange  that 
these  differences  exist,  since  little  or  no  experimental  data  are  avail- 
able which  apply  directly  to  the  conditions  of  footings.  Relatively 
short  and  deep  beams  and  slabs  under  heavy  uniform  loads,  with 
the  supporting  pressure  largely  concentrated  at  the  center  of  the 
structure,  may  not  be  expected  to  give  the  same  results  as  have  been 
obtained  in  tests  with  Uie  more  slender  beams  and  slabs  and  with 
the  methods  of  support  and  of  application  of  load  which  have  gen- 
erally been  used  in  tests.  With  the  present  extensive  applicaUon 
of  reinforced  concrete  to  footings,  especially  in  connection  with  tall 
buildings  carrying  very  heavy  column  loads,  a  more  definite  knowledge 
of  the  structural  action  of  footings  has  come  to  be  of  importance. 
It  is  appreciated  that  the  tests  herein  described  are  appUcable  only 
to  a  limited  field,  but  they  are  offered  as  a  contribution  on  a  subject 
in  which  little  experimentation  has  been  done. 

It  may  seem  strange,  considering  the  wide  variations  in  practice, 
that  few  failures  of  footings  have  been  publicly  reported.  It  must 
be  remembered,  however,  that  these  structures  are  out  of  sight, 
buried  deep  in  the  earth  without  opportunity  for  inspection.  A 
failure  in  a  footing  may  effect  a  change  in  the  distribution  of  the  load 
over  the  bed  of  the  footing,  resulting  only  in  increased  settlement. 
Possibly  many  instances  of  undue  settlement  of  buildings  may  be 
due  to  failure  in  the  footings.  Possibly,  in  other  cases,  the  earth 
at  the  center  of  the  footing  may  be  able  to  take  the  increased  load 
under  the  conditions  of  side  restraint  developed.  It  is  also  probable 
that  many  footings  have  been  made  unduly  strong. 

The  tests  of  114  wall  footings  and  83  column  footings  are  described 
in  the  bulletin.  The  wall  footings  were  12  inches  wide,  generally 
5  feet  in  length  and  12  inches  in  depth  or  10  inches  to  the  center 
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of  the  reinforcing  bars,  with  a  i2Xi2Xi2-inch  stem  in  the  middle 
to  represent  the  wall  through  which  the  test  load  was  applied.  The 
wall  footing  rested  on  a  bed  of  springs  arranged  in  such  a  way  as  to 
approximate  conditions  of  uniform  upward  pressure  on  the  bottom 
surface  of  the  footing.  A  variety  in  method  of  reinforcement  was 
employed  to  throw  light  on  the  development  of  tensile  stress  in  the 
steel  and  on  the  resistance  to  bond,  diagonal  tension,  and  shear. 
Tests  of  brick  footings,  unreinforced  concrete  footings,  and  footings 
having  I-beams  encased  in  concrete  were  included  in  the  investiga- 
tion of  wall  footings.  The  column  footings  were  s  feet  square  and 
generally  12  in.  thick  or  10  in.  to  the  center  of  the  reinforcing  bars, 
and  had  a.  i2Xi2Xi2-in.  pier  built  over  the  middle  through  which 
the  load  was  applied.  The  column  footings  also  were  tested  on  a 
bed  of  springs  which  gave  conditions  approximating  those  of  uniform 
upward  pressure.  Variety  was  given  to  the  amount  and  method 
of  reinforcement  and  to  other  conditions  with  a  view  of  determining 
the  structural  action  with  respect  to  tension,  bond,  diagonal  tension, 
and  shear,  and  to  give  information  which  would  bear  upon  methods 
of  calculation  of  stresses.  It  is  thought  that  these  are  the  first 
experimental  tests  on  column  footings,  and  probably  the  first  on 
wall  footings  on  a  bed  of  springs.  Analyses  are  given  of  the  stresses 
in  wall  footings  and  column  footings  and  methods  of  calculation  are 
discussed  and  compared  with  the  results  of  the  tests. 

4.  General  Theory. — In  wall  footings  and  pier  footings  the  weight 
or  load  is  appKed  vertically  through  the  wall  or  base  block  or  pier, 
and  the  upward  bearing  pressure  of  the  soil  (which  may  also  be 
called  the  load,  since  its  amount  and  distribution  determine  the 
stresses)  supports  this  weight  from  below.  The  usual  assumption 
on  which  design  of  footings  is  based  is  that  the  soil  pressure  is  uni- 
form over  the  bed  of  the  footing.  Before  unifonnity  of  pressure 
on  the  footing  will  obtain,  the  footing  must  bend  to  the  amount 
and  form  which  would  be  caused  by  a  uniformly  distributed  load. 
The  assumption  of  uniform  pressure  is  warranted  if  the  earth  layer 
is  an  elastic  compressible  soil  of  considerable  thickness  and  of  not 
too  high  a  modulus  of  compressibility,  as  under  these  conditions 
the  amount  of  bend  of  the  projection  of  the  footing  is  slight  in  com- 
parison with  the  amount  of  compression  of  the  earth:  Also,  in  soft 
soils  which  Sow  laterally,  as  in  a  so-called  floating  foundation,  the 
settlement  and  changes  in  the  soil  will  produce  conditions  approxi- 
mating uniform  pressure.  Where  the  bed  is  rock  the  pressure  will 
be  transmitted  more  nearly  directly  from  the  wall  or  pier  to  the 
rock,  and  as  the  projections  of  the  footing  have  little  opportunity 
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for  being  bent  upward  this  portion  of  the  footing  may  be  expected 
to  take  only  a  small  part  of  the  load.  This  lack  of  uniformity  of 
distribution  of  pressure  is  more  likely  to  be  present  with  reinforced 
footings  than  with  the  less  flexible  unreinforced  footings  which 
would  carry  the  same  load. 

The  principles  of  beam  action  are,  in  general,  appHcable  to  wall 
footings,  but  not  so  fully  to  column  footings,  which  partake  more 
of  the  nature  of  slabs.  The  formulas  for  calculating  stresses  in 
rdnforced  concrete  beams  have  been  treated  in  Bulletin  No.  4, 
"  Tests  of  Reinforced  Concrete  Beams:  Series  of  1905,"  and  in 
Bulletin  No.  29,  "  Tests  of  Reinforced  Concrete  Beams:  Resistance 
to  Web  Stresses."     The  principal  formulas  for  beam  action  in  rec- 


"^llP-^ 


Fic.  346.— Distribution  c 


(6) 
)  Pressure  ih  Footinos. 


tangular  beams  reinforced  for  tension  only,  as  used  in  this  bulletin, 
will  be  repeated  here. 

The  resisting  moment  of  the  reinforced  concrete  beam  is  (see 
Bulletin  No.  29,  page  6} 


M  =  Afd'=AJjd, 


(13) 


where  A  is  the  area  if  cross-section  of  longitudinal  reinforcement, 
d  is  the  distance  from  the  compression  face  to  the  center  of  the 
longitudinal  reinforcement,  d'  is  the  distance  from  the  center  of 
the  reinforcement  to  the  center  of  gravity  of  compressive  stresses, 
j  is  the  ratio  oi  d'  to  d  (which,  for  the  beams  of  this  bulletin,  may 
be  considered  to  vary  from  .82  to  .92),  and /is  the  tensile  stress  per 
unit  of  area  in  the  metal  reinforcement. 
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The  fonnula  for  the  maximum  vertical  shearing  imit-stress  in 
the  concrete  in  any  vertical  section  is 

V       V 

'-ja-u- (■«> 

where  V  is  the  total  vertical  shear  at  the  given  section  (equivalent 
to  the  resultant  of  vertical  forces  on  one  side  of  the  section  con- 
sidered), and  b  is  the  breadth  of  the  beam.  This  formula  neglects 
any  horizontal  tensile  stresses  in  the  concrete. 

The  formula  for  bond  unit-stress  in  horizontal  reinforcing  bars  is 

«= — -r,,       (17) 

mod 

where  0  is  the  periphery  of  one  longitudinal  reinforcing  bar,  m  is  the 
number  of  bars,  and  the  other  symbols  are  as  used  before.  This 
formula  neglects  any  horizontal  tensile  stresses  in  the  concrete. 

These  formulas  were  derived  for  certain  assumed  conditions  in  the 
beam.  Since  it  is  convenient  to  use  them  as  a  means  of  comparison 
for  conditions  other  than  those  assumed,  as,  for  example,  when  the 
bars  are  bent  up  at  the  end,  the  values  obtained  from  these  formulas 
will  sometimes  be  referred  to  as  nominal  vertical  shearing  stresses  and 
nominal  bond  stresses. 

The  value  of  the  maximum  diagonal  tensile  unit-stress  in  any 
section  when  tensile  stresses  exist  is 


/=-j-|--\/~52 


C19) 


where  s  is  the  horizontal  tensile  unit-stress  CKisting  in  the  concrete 
and  V  is  the  horizontal  or  vertical  shearing  unit-stress.  The  direc- 
tion and  amount  of  this  maximum  diagonal  tensile  stress  will  vary 
with  the  relative  values  of  j  and  v.  In  general,  it  may  be  said  that 
in  the  ordinary  reinforced  concrete  beam  the  value  of  i  probably 
varies  from  one  to  two  times  v.  This  applies  to  the  parts  where  tensile 
stresses  exist  in  the  concrete.  Where  the  tensile  strength  of  the  con- 
crete has  been  exceeded,  it  is  customary  to  use  the  same  formula. 
It  is  evident  that  the  value  of  the  diagonal  tension  is  generally 
indeterminate.  No  working  formulas  are  available.  For  this  rea- 
son it  is  the  practice,  now  becoming  nearly  universal,  in  beams 
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without  web  reinforcement  to  calculate  the  value  of  the  vertical  shear- 
ing unit-stress  n,  and  to  use  this  as  the  measure  or  means  of  comparison 
of  the  diagonal  tensile  stress  developed  in  the  beam;  with  the  under- 
standing, of  course,  that  the  actual  diagonal  tension  is  considerably 
greater  than  the  vertical  shearing  stress.  It  has  been  found  that  the 
value  of  V  developed  in  beams  will.vary  with  the  amount  of  reinforce- 
ment, with  the  relative  length  of  the  tieam,  and  with  other  factors 
which  affect  the  stiffness  of  the  beam. 

The  following  summary  of  the  experiments  gives  the  conclusions. 

Wall  Footings. — ^The  tests  of  wall  footings  cover  a  variety  of 
reinforcement.  The  method  used  to  secure  a  distributed  upward 
pressure  introduced  difficulties  in  testing.  It  also  made  it  difficult 
to  determine  the  load  which  should  be  taken  as  the  critical  load, 
and  the  loads  which  have  been  so  specified  may  not  always  be  the 
true  critical  load.  The  use  of  the  bed  of  sprites  on  the  whole  proved 
very  satisfactory  and  is  probably  the  best  available  Arrangement 
for  tests  of  the  number  and  range  used.  The  tests  bring  out  phenom- 
ena which  might  not  be  apparent  from  analytical  considerations 
alone  or  which  might  not  be  accepted  without  physical  verification. 
Variations  in  concrete  add  to  the  complications  encountered  in 
analyzing  such  a  series  of  tests.  The  tables  and  diagrams  and  dis- 
cussions present  information  and  data  of  the  tests  in  a  detailed  way. 
The  following  statements  summarize  in  a  general  way  some  of  the 
points  which  are  brought  out  by  the  tests  and  which  have  a  bear- 
ing upon  the  principles  and  methods  of  design: 

1.  Wall  footings  under  load  follow  the  general  laws  of  flexure. 
The  section  for  maximum  moment,  the  critical  section  for  calcula- 
tion of  vertical  shearing  stress  for  use  in  judging  of  resistance  to 
diagonal  tension,  and  the  method  of  calculating  bond  stress  received 
experimental  consideration. 

2.  The  values  of  the  modulus  of  rupture  found  in  the  unreinforced 
concrete  footings  are  not  far  from  the  values  of  modulus  of  rupture 
obtained  in  simple  beam  tests  such  as  the  control  beams.  Increas- 
ing the  richness  of  the  mixture  gives  the  added  strength  which  tests 
of  simple  beams  would  lead  us  to  expect.  Variations  in  the  ten^e 
strength  of  concrete  are  to  be  expected,  and  considerable  variation 
was  found  in  the  moduli  of  rupture  of  the  test  pieces,  the  variation 
being  augmented  by  differences  incident  to  the  method  of  testing. 
The  tests  on  footings  of  different  lengths,  undertaken  to  determine 
whether  the  section  at  the  face  of  the  wall  should  be  used  for  the 
critical  section,  do  not  disclose  any  marked  differences  in  modulus 
of  rupture. 
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3.  The  results  of  the  tests  and  the  measurements  of  deformation 
of  the  reinforcement  indicate  that  the  critical  section  may  be  con- 
sidered to  be  at  the  face  of  the  wall  and  that  the  calculated  tensile 
stress  in  the  bars  at  this  section  is  probably  somewhat  above  the 
maximum  tensile  stress  developed.  Whether  the  maximum  com- 
pressive stress  may  properly  be  calculated  in  the  same  way  was  not 
determined.  It  may  be  expected  that  high  compressive  stresses 
exist  at  the  intersection  of  wail  and  projection.  Indications  of  high 
compression  and  of  incipient  compression  failtu'e  were  found  at  the 
intersection  of  the  wall  and  footing  at  loads  above  the  critical  loads. 

Test  pieces  in  which  the  wall  was  poured  after  the  footing  had 
taken  its  set,  gave  results  which  indicate  that  a  section  at  the  face 
of  wall  may  properly  be  used  in  calculations  of  moments  even  when 
the  wall  is  to  be  poured  separately  from  the  footing. 

4.  The  calculations  for  bond  stress,  based  upon  the  total  external 
vertical  shear  at  the  section  at  the  face  of  the  wall  and  calculated 
by  Eq.  {17),  evidently  give  stresses  higher  than  the  existing  stresses. 
This  is  shown  by  the  fact  that  the  values  calculated  in  this  way  are 
higher  than  those  found  in  pull-out  tests  and  beam  tests.  A  study 
of  the  analytical  conditions  existing  at  this  section  tends  to  confirm 
the  statement.  However,  as  bond  resistance  is  so  important  a 
strength  element  in  a  short  cantilever  beam,  this  method  of  calcula- 
tion and  the  use  of  the  working  value  of  bond  stress  ordinarily  assumed 
in  design  seems  only  reasonably  conservative  and  may  be  recommended 
for  general  practice.  Attention  may  properly  be  called  to  the  impor- 
tance of  making  calculations  of  bond  stress  in  wall  footings  and  other 
beams  in  which  the  length  is  short  relatively  to  the  depth.  The 
advantage  of  using  relatively  small  bars  in  such  cases  is  also  apparent. 

Anchorage  of  bars  by  bending  upward  and  back  in  a  long  curve 
or  by  looping  the  bar  in  a  horizontal  plane  was  found  to  add  mate- 
terially  to  bond  resistance. 

S-  The  tests  indicate  that  the  vertical  shearing  stresses  developed 
at  the  face  of  the  wall,  calculated  by  the  usual  method,  are  higher  than 
the  vertical  shearing  stress  which  is  found  to  exist  in  simple  beams  with 
concentrated  loading  when  diagonal  tension  failures  are  developed. 
It  was  found  that  diagonal  tension  failures  start  at  a  point  some 
distance  away  from  the  section  at  the  face  of  the  wall.  This  observa- 
tion and  certain  analytical  considerations  such  as  the  probable  greater 
proportion  of  shear  taken  in  the  compression  area  at  sections  near 
the  face  of  the  wall  show  that,  in  calculating  the  vertical  shearing 
stress  which  shall  be  used  as  a  basis  for  judging  the  resistance  to 
diagonal  tension,  a  section  some  distance  from  the  face  of  the  wall 
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should  be  lised.  The  tests  and  the  discussion  indicate  that  a  section 
d  distant  from  the  face  of  the  wall  (d  being  the  distance  from  the 
center  of  reinforcing  bar  to  top  of  footing)  may  properly  be  used 
as  the  critical  section  for  calculating  the  vertical  shearing  stress  for 
this  purpose,  and  that  at  this  section  the  ordinarily  accepted  work- 
ing stress  may  properly  be  used  for  calculating  resistance  to  diagonal 
tension  failure. 

6.  The  bending  up  of  bars  at  several  points  along  the  length  of  the 
projection  gave  added  resistance  against  diagonal  tension  failure. 
Vertical  stirrups  also  added  to  the  resistance  against  diagonal  ten- 
sion failure  but  were  not  especially  effective.  Neither  method  of 
web  reinforcement  would  be  very  convenient  in  construction.  Gen- 
erally speaking,  it  will  be  best  to  try  to  design  the  footing  so  that  the 
vertical  shearing  stresses  will  be  within  the  limit  of  the  working  stress 
permitted  in  beams  without  web  reinforcement,  and  thus  avoid  the 
use  of  web  reinforcement.  In  large  important  footings,  when  diagonal 
tension  is  a  critical  clement,  it  would  seem  that  some  kind  of  unit 
frame  with  well-formed  web  reinforcement  would  be  preferable  to 
placing  stirrups  or  to  bending  up  bars  at  the  necessary  intervals. 
In  stepped  and  sloping  footings  attention  should  be  called  to  the  larger 
diagonal  tension  and  bond  stresses  developed.  The  increase  in  these 
stresses  over  those  found  in  footings  of  uniform  depth  may  be  sufficient 
to  decide  against  the  use  of  stepped  and  sloping  footings. 

7,  The  footings  having  I-beams  embedded  in  the  concrete  carried 
high  loads,  perhaps  corresponding  to  the  yield-point  tensile  strength 
of  the  lower  flange  of  the  I-beama  and  more  than  double  what  would 
be  carried  by  naked  I-beams.  The  weight  of  the  I-beams,  of  course, 
was  greater  than  that  of  the  reinforcing  bars  used  in  the  reinforced 
concrete  wall  footing. 

Column  Footings. — The  requirement  of  uniform  load  and  the 
presence  of  double-curved  flexure  complicate  an  investigation  of 
column  footings.  In  this  investigation  methods  of  testing  were 
developed.  As  these  are  presumably  the  first  tests  on  column  foot- 
ings, tbe  phenomena  of  the  tests  and  data  of  their  action  will  be  of 
interest  to  designers,  especially  in  the  directions  in  which  tests  ha\"c 
brought  out  weaknesses  not  always  recognized  and  usually  not  guarded 
against.  The  results  contribute  data  toward  the  settlement  of 
methods  of  calculating  of  both  the  bending  moment  and  the  resist- 
ing moment  for  square  footings,  and  the  principles  may  with  care 
be  extended  to  other  forms.  The  results  may  not  easily  be  summarized, 
but  the  following  statements  are  intended  to  cover  the  principal 
matters  brought  out  in  the  tests:    ' 
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1.  A  square  column  footing  under  load  may  be  expected  to  take 
a  bowl-shaped  form.  In  slabs  subject  to  bending  in  two  directions, 
the  stress  in  a  fiber  cannot  differ  from  that  in  an  adjoining  fiber  at 
the  same  level  without  setting  up  longitudinal  shear;  and  as  there  is 
considerable  resistance  to  variation  from  equality  of  stress  in  adjoin- 
ing fibers,  it  may  be  expected  that  if  stiff  thick  pieces  (as  are  foot- 
ings of  ordinary  design,  where  the  thickness  is  large  in  comparison 
with  the  length  of  the  projection)  the  deformations  and  consequent 
stresses  will  be  distributed  over  the  width  of  a  cross-section  and  that 
considerable  stress  will  be  developed  even  in  the  fibers  at  the  edge 
of  the  footing. 

2.  For  footings  having  projections  of  ordinary  dimensions,  the 
critical  section  for  the  bending  moment  for  one  direction  (which 
in  two-way  reinforced  concrete  footings  is  to  be  resisted  by  one  set 
of  bars)  may  be  taken  to  be  at  a  vertical  section  passing  through 
the  face  of  the  pier.  In  calculating  this  moment,  all  the  upward 
load  on  the  rectangle  lying  between  a  face  of  the  pier  and  the  edge 
of  the  footing  is  considered  to  act  at  a  center  of  pressure  located  at 
a  point  half-way  out  from  the  pier,  and  half  of  the  upward  load  on 
the  two  comer  squares  is  considered  to  act  at  a  center  of  pressure 
located  at  a  point  six-tenths  of  the  width  of  the  projection  from  the 
given  section.  By  equating  this  bending  moment  and  the  resisting 
moment  which  is  available  at  the  given  section,  the  maximum  tensile 
stress  in  the  concrete  or  in  the  reinforcing  bars  may  be  calculated. 

3.  As  is  usually  the  case  when  plain  concrete  is  used  in  flexure, 
the  unreinforced  footings  show  considerable  variation  in  results. 
The  variations  were  such  as  not  to  permit  a  method  of  determining 
the  effective  width  of  resisting  section  to  be  estabUshed  or  to  obtain 
a  formula  for  resisting  moment.  Ba^ed  upon  the  fuU  section  of,  the 
footing,  the  moduli  of  rupture  obtained  were  considerably  less  than 
the  moduli  of  rupture  of  control  beams  made  with  the  same  concrete. 

4.  In  reinforced  concrete  column  footings,  resistance  to  non- 
uniformity  of  stress  in  adjoining  bars  will  be  given  by  bond  and  by 
longitudinal  shear  in  the  concrete,  and  the  amount  of  variation  from 
uniformity  of  stress  in  the  various  bars  will  depend  upon  the  spacing 
of  the  bars  as  well  as  upon  the  relative  dimensions  of  the  footing. 
With  two-way  reinforcement  evenly  spaced  over  the  footing,  it  seems 
that  the  tensile  stress  is  approximately  the  same  in  bars  lying  within 
a  space  somewhat  greater  than  the  width  of  the  pier  and  that  there 
is  also  considerable  stress  in  the  bars  which  lie  near  the  edges  of  the 
footing.  For  intermediate  bars  stresses  intermediate  in  amount 
will   be   developed.    For   footings   having   two-way  reinforcement 
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spaced  unif omily  over  the  footing,  the  method  proposed  for  determin- 
ing the  maximum  tensile  stress  in  the  reinforcing  bars,  is  to  use  in 
the  calculation  of  resisting  moment  at  a  section  at  the  face  of  the 
pier  the  area  of  all  the  bars  which  lie  within  a  width  of  footing  equal 
to  the  width  of  pier  plus  twice  the  thickness  of  footing,  plus  half 
the  remaining  distance  on  each  side  to  the  edge  of  the  footing.  This 
method  gives  results  in  keeping  with  the  results  of  tests.  When 
the  spacing  through  the  middle  of  the  width  of  the  footing  is  closer, 
or  even  when  the  bars  are  concentrated  in  the  middle  portion,  the 
same  method  may  be  applied  without  serious  error.  Enough  rein- 
forcement should  be  placed  in  the  outer  portion  to  prevent  the  con- 
centration of  tension  cracks  in  the  concrete  and  to  provide  for  other 
distribution  stress. 

5.  The  method  proposed  for  calculating  maximum  bond  stress  in 
column  footings  having  two-way  reinforcement  evenly  spaced,  or 
spaced  as  noted  in  the  preceding  paragraph,  is  to  use  the  ordinary 
bond  stress  formula,  and  to  consider  the  circmnference  of  all  the 
bars  which  were  used  in  the  calculation  of  tensile  stress,  and  to  take 
for  the  external  shear  that  amount  of  upward  pressure  or  load  which 
was  used  in  the  calculation  of  the  bending  moment  at  the  given 
section. 

An  important  conclusion  of  the  tests  is  that  bond  resistance  is 
one  of  the  most  important  features  of  strength  of  column  footings, 
and  probably  much  more  important  than  has  been  appreciated  by 
the  average  designer.  The  calculations  of  bond  stress  in  footings 
of  ordinary  dimensions  where  large  reinforcing  bars  are  used  show 
that  the  bond  stress  may  be  the  governing  element  of  strength.  The 
tests  show  that  in  multiple-way  reinforcement  a  special  phenomenon 
affects  the  problem  and  that  lower  bond  resistance  may  be  found 
in  footings  than  in  beams.  Longitudinal  cracks  form  under  and 
along  the  reinforcing  bar  due  to  the  stretch  in  the  reinforcing  bars 
whidi  extend  in  another  direction,  and  these  cracks  act  to  reduce 
the  bond  resistance.  The  development  of  these  cracks  along  the 
reinforcing  bars  must  be  expected  in  service  under  high  tensile 
stresses,  and  low  working  bond  stresses  should  be  selected.  An 
advantage  will  be  found  in  placing  under  the  bars  a  thickness  of 
concrete  of  2  inches,  or  better  3  inches,  for  footings  of  the  size  ordi- 
narily used  in  buildings. 

Difficulty  may  be  found  in  providing  the  necessary  bond  resistance, 
and  this  points  to  an  advantage  in  the  use  ot  bars  of  small  size,  even 
if  they  must  be  closely  spaced.  Generally  speaking,  bars  of  J-inch 
size  or  smaller  will  be  found  to  serve  the  purpose  of  footings  of  usual 
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dimensions.  The  use  of  large  bars,  because  of  ease  in  placing,  leads 
to  the  construction  of  footings  which  are  insecure  in  bond  resistance. 
In  the  tests  the  column  footings  which  were  reinforced  with  deformed 
bars  developed  high  bond  resistance.  Curving  the  bar  upward  and 
backward  at  the  end  increased  the  bond  resistance,  but  Uiis  form  is 
awkward  in  construction.  Reinforcement  formed  by  bending  long 
bars  in  a  series  of  horizontal  loops  covering  the  whole  footing  gave 
a  footing  with  high  bond  resistance. 

6.  As  a  means  of  measuring  resistance  to  diagonal  tension  failure, 
the  vertical  shearing  stress  calculated  by  using  the  vertical  sections 
formed  upon  the  square  which  lies  at  a  distance  from  the  face  of  the 
pier  equal  to  the  depth  of  the  fooling  was  used.  This  calculation 
gives  values  of  the  shearing  stress,  for  the  footings  which  failed  by 
diagonal  tension,  which  agree  fairly  closely  with  the  values  which 
have  been  obtained  in  tests  of  simple  beams.     The  formula  used  in 

V 
this  calculation  is  p  =  rn.  where  V  is  the  total  vertical  shear  at  this 

section  taken  to  be  equal  to  the  upward  pressure  on  the  area  of  the 
footing  outside  of  the  section  considered;  6  Is  the  total  distance  around 
the  four  sides  of  the  section,  and  jd  is  the  distance  from  the  center 
of  reinforcing  bars  to  the  center  of  the  compressive  stresses.  This 
stress  is  somewhat  larger  than  the  average  vertical  shear  over  the 
section  which  is  sometimes  used.  The  working  stress  now  frequently 
specified  for  this  purpose  in  the  design  of  beams,  40  pounds  per  square 
inch,  for  I  :  2  :  4  concrete,  may  be  applied  to  the  design  of  footings. 
The  punching  shear  may  be  calculated  for  the  vertical  sections 
which  inclose  the  pier  footing,  although  it  may  be  expected  that 
shear  failure  may  not  be  produced  exactly  on  this  section.  The 
value  now  generally  accepted  for  punching  shear,  120  pounds  per 
square  inch  for  i  :  2  :  4  concrete,  may  be  used  for  the  working  stress 
in  this  case. 

7.  No  failures  of  concrete  in  compression  were  observed,  and  none 
would  be  expected  with  the  low  percentages  of  reinforcement  used. 
The  compressive  stresses  in  the  pier  of  the  footing  were  in  some  cases 
very  high  and  in  a  few  instances  the  pier  failed  and  was  replaced  by 
a  cube  of  concrete.  In  frequent  cases  there  were  signs  of  distress 
near  the  intersection  of  pier  and  footing  where  there  is  an  abrupt 
change  in  direction  of  surfaces  and  where  the  combined  stresses  are 
very  high, 

8.  In  stepped  footings,  the  abrupt  change  in  the  value  of  the  arm 
of  the  resisting  moment  at  the  point  where  the  depth  of  footing 
changes  may  be  expected  to  produce  a  correspondingly  abrupt  increase 
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of  stress  in  the  reinforcing  bars.  Where  the  step  is  large  in  comparison 
with  the  projection,  the  bond  stress  must  become  abnonnally  large. 
It  is  evident  that  tlie  distribution  of  bond  stress  is  quite  different 
from  that  in  a  footing  of  uniform  thickness.  The  sloped  looting 
also  gives  a  distribution  of  stress  which  is  different  from  that  in  a 
footing  of  uniform  thickness.  However,  for  footings  of  uniform 
thickness  the  bond  stress  is  a  maximum  at  the  section  at  the  face 
of  the  pier;  in  a  sloped  footing  the  bond  stress  at  the  section  at  the 
face  of  the  pier  would  be  less  accordingly  than  in  a  footing  of  uniform 
thickness,  and  a  moderate  slope  may  be  found  to  distribute  the 
bond  stress  more  uniformly  throughout  the  length  of  the  bar.  This 
is  not  of  advantage  if  the  fuU  embedment  of  the  bar  is  effective  in 
resisting  any  pull  due  to  bond. 

9.  The  use  of  short  bars  placed  with  their  ends  staggered  increases 
the  tendency  to  fail  by  bond  and  cannot  be  considered  as  acceptable 
practice  in  footings  of  ordinarj-  proportions.  In  footings  in  which 
the  projection  is  short  in  comparison  with  the  depth  the  objection 
is  very  great. 

10.  Footings  having  reinforcement  placed  in  the  direction  of  the 
diagonals  as  well  as  parallel  to  the  sides  (four-way  reinforcement) 
gave  good  tests.  The  significance  of  the  results  is  so  obscured  by 
the  variety  of  manner  of  failure  (bond,  diagonal  tension,  and  perhaps 
tension)  and  by  variations  in  the  quality  of  the  concrete,  that  a  com- 
parison with  two-way  reinforcement  on  the  basis  of  loads  carried 
would  not  be  of  value.  This  type  of  distribution  of  reinforcement 
should  be  included  in  further  tests.  Measurements  of  deformation 
in  the  bars  are  needed  to  determine  the  division  of  stress  among  the 
four  sets  of  bars. 

Concluding  Remarks.— The  tests  of  wall  footings  and  column 
footings  leave  uncertainty  in  some  parts  of  the  problem  and  there  are 
gaps  in  other  parts.  The  recent  development  of  the  portable  exten- 
someter  or  strain  gage  and  the  skill  and  experience  which  have  been 
gained  in  its  use  in  recent  tests  have  opened  opportunities  for  obtain- 
ing information  on  the  stresses  developed  in  such  test  pieces  which 
were  not  available  when  the  series  of  tests  was  undertaken.  It  is 
suggested  that  some  of  the  remaining  unsolved  problems  may  most 
readily  be  attacked  by  measurement  of  deformations  in  the  steel 
and  concrete,  and  that  further  investigation  may  best  be  carried  on 
by  constructing  a  form  of  apparatus  which  will  permit  such  measure- 
ments to  be  taken  under  the  conditions  of  uniform  loading. 

The  calculation  of  retaining  walls  has  been  the  subject  of  numerous 
investigations,  resulting  in  various  formuke,  but  for  the  purposes  of 
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this  treatise  the  method  of  calculation  as  given  in  the  Engineer's 
Year  Book  has  been  quoted  in  full. 

Let  AB,  Fig,  347,  be  the  surface  of  the  ground,  and  OB  the  natural 
slope  at  an  angle  <fi. 

'  Draw  OE,  making  an  angle  fl,  this  angle  being  equal  to  ^  plus 
the  angle  of  friction  of  earth  against  the  back,  AO,  of  the  wall  AOKL. 

Take  A'  so  that  EA  XEB  =  [EX)^. 

Then  AOX  is  the  triangle  of  maximum  pressure  against  the  wall. 


Fig.  347.— Retaining  Wall  Duceam. 

Draw  AF  (a)  and  GO  (c)  perpendicular  to  OB,  then, 

Maximum  thrust  =  lw{c  —  \^c{c~a))^, 

where  ai  =  weight  of  a  cubic  foot  of  earth. 

Describe  a  semicircle  on  GO  {Figs.  347  and  348).  Draw  AD 
parallel  to  OB,  cutting  the  semicircle  at  D.  With  G  as  center  and 
CD  as  radius  describe  a  circle  cutting  GO  at  P,  and  join  DP,  then, 

MaximumthruBt  =  —(0/')2,  acting  at  J  AO,  and  making  an  angle 

0  with  the  normal  to  AO. 

Walls  for  Railway  Cuttings 

For  walls  over  18  feet  in  height:  thickness  at  bottom  =  f  height 
-3  feet. 

For  walls  less  than  18  feet  high:  thickness  at  bottom  =  J  height 
+3  feet. 
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The  two  equations  give  the  same  result  for  a  height  of  i8  feet. 
No  allowance  is  necessary  for  a  surcharge  of  less  than  6  feet. 

(Pennsylvania  Railroad  Co.) 

Pressure  of  Water 

The  moment  of  pressure  of  water  on  a  retaining  wall  per  each 
foot  of  length  of  wall  is  tf^  X  10.4,  where  d  is  the  depth  of  water  in 
feet.  This  is  the  moment  at  i  foot.  The  total  pressure  is  31. sd^, 
assumed  to  be  concentrated  at  one-third  the  deplii  from  the  bottom 
of  the  water.  Hence  the  moment  10.4^*.  The  weight  of  the  wall 
may  be  assumed  concentrated  at  its  center  of  gravity,  and  the  effect 


Fic.  348. — Retaining  Wall  Diacrau. 

of  the  pressure  of  the  water  is  to  turn  the  wall  upon  the  point  O 
(Fig..349).  Callii^  H  the  height  of  the  wall  in  feet,  and  /  its  thick- 
ness in  inches,  and  assuming  i  cubic  foot  to  weigh  lao  pounds,  the 

moment  of  stability  is  - —  for  rectangular  walls,  per  foot  of  length; 
2.4 

F/2  2cd3 

or  (PXio,4  must  not  exceed  — ;  or  l^=-~7^.    This  enables  the 

2.4  H 

thickness  of  a  wall  to  be  determined,  that  will  exactly  balance  the 
pressure.  Safety  would  be  just  secured  by  adding  50  per  cent,  to 
the  thickness  at  the  base,  and  subtracting  the  same  amount  from  the 
top  thickness,  thus  giving  the  wall  a  sloping  back  as  per  dotted  line, 
increasing  the  acting  leverage  of  the  CG  (center  of  gravity)  of  the 
section,  so  that  the  resultant  pressure  will  now  fall  within  the  middle 
third  of  the  wall  thickness.    This  method  is  approximate  and  useful 
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Fio.  349. — Pressuke  of  Wateb  on  Wall. 


for  small  construction.  Large  masonry  dams  require  more  special 
consideration,  and  may  be  designed  by  calculations  at  each  few  feet 
of  depth,  designing 
the  wall  in  a  series 
of  steps  and  drawing 
a  final  shape  to  en- 
close the  whole  in  one 
harmonious  section, 
which  must  also  ful- 
fill the  conditions  of 
strength  proper  to  the 
material  and  crushing 
stress.  Special  care  is 
necessary  that  water 
does  not  get  in  be- 
tween bed  joints,  as  it 
would  greatly  assist 
to  turn  a  wall  over. 

It  is  usually  con- 
adered  desirable  that 
the  resultant  of  pres- 
sure on  a  wall  should  fall  within  the  middle  third  of  its  thickness. 
Thus  in  Fig.  350  if  ab  to  any  scale  represents  the  total  pressure 
31. 2d^  concentrated  at  the  center 
of  pressure  upon  the  face  of  a  wall, 
and  be  to  the  same  scale  is  the 
weight  of  the  wall,  the  line  be  being 
drawn  through  the  CG  of  the 
cross-section,  then  if  the  diagonal 
of  the  rectangle  abed  cuts  the 
base  of  the  wall  within  its  mi<ldle 
third  of  thickness,  the  wall  may 
be  assumed  fully  safe.  If  the 
diagonal  fall  outside  the  middle 
third,  the  thickness  of  the  wall 
must  be  increased.  It  may  be 
made  safe  by  building  the  wall 
higher,  and  thus  loading  it;  but 
the  danger  of  this  method  is  that 
a  greater  area  is  exposed  to  wind 
pressure,  and  if  margins  of  safety  are  narrow  the  addition  may 
be  worse  than  useless  in  small  work.    Where  a  tank  wall  forms 


~7^ 

Fio.  350.— Locatiok  op  Resultant  0 

Pkessure. 
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a  continuation  of  an  earth  retaining  wall,  for  example,  special  care 
is  necessary. 

The  upper  part  of  the  wall  must  be  safe  at  the  bed  joint  level 

with  the  bottom  of  the  tank  and  the  wall,  taken  as  a  vertical  cantilever 

subject  to  a  lateral  thrust  at  a  distance  two-thirds  of  the  water  depth 

from  the  water  surface;   it  must  be  safe  against  overturning  at  any 

joint  lower  down.     It  must  also  be  safe  against  the  added  thrust 

of    the  earth   behind  the 

lower     portion     plus     the 

further    pressure   due    to 

the    tank    full    of    water 

above,     which    must    be 

treated  as  per  the  rule  of 

page  508,  Fig.  353.    Thus 

in  Fig.  351   the  wall  must 

be   safe    on    the    line    A 

against  the  moment  of  the 

water    pressure     Pc.       It 

must  be  safe  at  the  line 

B    against    the     moment 

{PXd)+      the     moment 

(EXf)+       the     moment 

(5Xn).     Here    £  is    the 

horizontal    component    of 

the  earth  pressure,  and  / 

is  one-third  AB;  S  is  the 

Fig.  3SI.— Water  Pressotie  on  Retaining         horizontal    component    of 

Wall.  the  Surcharged  load,   and 

n  is  one-half  of  AB.    The 

safety  must  be  proved  at  sufficient  other  depths  between  B  and  A  and 

below  B.    Economy  is  promoted  by  sloping  the  wall  against  the  earth 

between  the  points  A  and  B.    The  wall  in  the  figure  is  palpably 

erroneous,  being  far  too  thin  for  its  height;  it  might  be  made  safe 

by  a  sufficiency  of  cross-ties  buried  in  the  concrete  bottom  of  the  tank, 

in  which  case  the  wall  from  A  to  B  must  be  made  safe  by  treating 

it  as  a  beam  exposed  to  a  virtual  load  at  S  and  E. 

Equilibrium  of  Retaining  Walls 

By  Rankine's  theory  the  pressure  of  earth  on  a  vertical  plane, 
AB  (Fig.  352),  may  be  considered  as  acting  at  a  point,  P,  one-third 
AB  from  base  A.  and  in  a  direction  parallel  to  the  surface.    Let 
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w^weight  of  earth  in  pounds  per  cubic  foot,  ^=angle  of  repose  of 
earth,  P  =  total  pressure,  A  =  height  of  wall  in  feet. 
For  a  bank  with  horizontal  top 

m/i^       I  — sin  ^ 
2    *     i+sin  <fi 

For  bank  with  any  surface  slope,  0,  of  indefinite  length 


„    wh^  cos  fl- Vcos^  fl-cos^  <{, 

P  = cos  e 7=^^^——^. 

2  COS  tf+Vcos^  e— cos^  4> 

For  bank  with  maximum  surface  slope,  <^,  of  indefinite  length 


For  bank  with  surface  slope  of  definite  length  an  intermediate 
value  is  taken. 

To  resist  the  pressure  there  is  weight  of  wall  and  of  earth,  ABD, 
resting  on  its  back,  which  call 
W;  this  acts  vertically  from 
center  of  gravity,  G.  The 
revetment  may  fail  by  over- 
turning round  /,  by  crushing 
at  /,  by  sliding  on  Af. 

Overturning  Round  f.  —  On 
any  scale  make  oa  =  W,  ob=P; 
then  oc  is  resultant  (R),  acting 
in  direction  oe  at  e.  If  e  falls 
within  base,  the  revetment  will 
not  overturn  without  crushing 
the  toe  at  /;  but  e  should 
fall  within  the  center  third 
oiAf. 

Crushing  at  /.—The  result- 
ant, R,  must  be  resolved  into 

-  J     /»T\  Fic-  35 1 -—Equilibrium  of  Retaining 

two     forces,    cd    (N),  perpen-  ^-^  Wau. 

dicular  to,  and  do  parallel-  to, 
Af,  acting  at  point  e;  the  former  is  the  crushing  force. 
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Pressure  per  square  inch  at/  on  i'  length  of  wall  =  7 7;,  where 

fg  =  3fe- 

The  pressure  at  /  should  not  exceed  power  of  material  to  resist 
crushing,  divided  by  factor  of  safety,  4  to  8  (in  practice  seldom  as 
high  as  8). 

Sliding  on  Af. — Force  tending  to  produce  sUding  is  od;  force 
tending  to  resist  it  is  iVXcoefficient  of  friction  at  the  joint  Af;  od 
should  not  exceed  Nx^  coefficient  of  friction. 


Surcharged  Wall 

If  n  =  height  of  wall  in  feet,  c  =  height  of  surcharge  in  feet,  t  = 
mean  thickness  of  wall  in  feet,  to  sustain  horizontal  bank;  f'-mean 
thickness  of  wall  in  feet,  to  sustain  bank  with  indefinitely  long  natural 
slope,  the  factor  of  safety  being  about  the  same  as  for  t;  l"=meaD 
thickness  in- feet  of  surcharged  wall;  then 


Effect  of  Weight  of  Buildings  on  Retaining  Walls 

Letwi=weight  of  building  per  unit  of  surface;  the  rest  of  the 
notation  as  at  commencement.  The  total  hroizootal  pressure,  P, 
on  revetment,  due  to  the  weight  of  building 


acting  at  ^B  from  0;   and  the  total  horizontal  pressure,  Pi,  on 
revetment,  caused  by  the  earth, 

w(h—x)^      I— sin  ^ 
2  i+an  ^' 

acting  at  iOB  from  0. 

If  the  front  of  the  building  were  farther  back  from  AO  the  effect 
would  be  less,  but  cannot  be  determined. 
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Foundations  of  Retaining  Walls 

Find  the  pressure  perpendicular  to  uv  (Fig.  352),  the  weights  and 
pressures  being  taken  from  point  v  instead  of  from  A.  If  j  is  center 
of  pressure,  qu  should  nearly  equal  qv,  in  order  that  the  pressure 
may  be  uniformly  distributed  (this  is  unnecessary  if  the  pressure 
at  u  is  within  what  the  earth  can  bear  without  yielding),  and  great- 
est pressure  at  «  should  not  be  greater  than  earth  will  bear,  usually 
I  to  ij  ton,  or  say  2500  to  3500  pounds  per  square  foot.  Founda- 
tions to  be  carried  deep  enough  to  avoid  effects  of  heat  and  frost. 


The  practical  data,  as  given  in  Trautwine,  published  by  Wiley 
&  Sons,  is  used  almost  universally  by  engineers.     (See  Fig.  354.) 

"  When  the  backing  is  deposited  loosely,  as  usual,  as  when 
dumped  from  carts,  cars,  etc. 

"  Wall  of  cut  stone  or  of  first-class  large-ranged  rubble  in  mortar, 
of')  -35  of  its  entire  vertical  height,  db. 

"  Wall  of  good  common  scabbied  mortar-rubble  or  brick  .4  of  its 
entire  vertical  height,  db. 

"  Wall  of  weU-scabbled  dry  rubble,  .5  of  its  entire  vertical 
height,  db. 

"  With  good  masonry,  however,  we  may  take  the  height  ds  instead 
of  db,  and  then  the  above  proportions  of  ds  will  give  a  sufficient 
thickness  at  the  ground-line,  os. 

"  When  the  backing  is  somewhat  consolidated  in  horizontal 
layers,  each  of  these  thicknesses  may  be  reduced,  but  no  rule  can  be 
given  for  this. 
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"The  ofifset,  oe,  in  front  of  the  wall  is  not  included  in  these  thick- 
nesses." 

Probably  the  most  important  points  to  be  considered  in  the  design 
of  any  retaining  wall  are  the  foundation  and  outside  toe  pressures, 
the  factor  of  safety  against  sliding,  the  method  and  character  of  the 
back  fill,  and  proper  drainage. 

The  pressure  on  the  foundation  should  be  arrived  at  from  the 
same  data  that  has  been  given  for  bridge  piers,  and  the  toe  of  the 
wall  is  put  in  as  shown  in  Fig.  355,  but  to  be  not  less  than  what 
would  be  safe  should  the  material  become  softened  up  on  account  of 
improper  drainage.  Where  the  ground  is  soft,  or  liable  to  become  so, 
piUng  should  be  used  either  driven  vertically  with  the  two  rows 
under  the  toe  spaced  closer  together  (Fig.  411),  or  else  with  inclined 
brace  piles  under  the  toe  as  was  used  on  a  section  of  the  seawall 
built  at  the  Puget  Sound  Navy  Yard. 

In  making  tiie  calculations  of  retaining  walls  the  angle  of  repose 
as  given  in  Table  LI  should  be  used,  and  the  weight  per  cubic  yard 
of  various  soils  as  given  in  Table  LII.  These  same  values  may  be 
used  to  determine  ihe  force  tending  to  slide  the  wall  at  any  section 
or  upon  the  base.  Where  the  wall  is  not  properly  sub-drained, 
not  properly  back  filled,  and  not  provided  with  weep  holes,  it  is 
probable  that  water  pressure  may  be  exerted  on  the  back  of  the  wall, 
and  in  this  case  the  calculations  must  be  based  on  the  hydrostatic 
pressure.  The  author  recently  constructed  a  retaining  wall  from 
plans  which  called  for  too  narrow  a  base,  and  to  make  it  safe  two  rows 
of  weep  holes  were  provided  to  drain  off  the  water,  and  the  back 
filling  was  done  with  broken  rock  so  that  the  water  would  be  properly 
drained  off.  The  wall  also  had  a  very  considerable  surcharge  from 
the  covering  of  large  concrete  pipe  carried  on  the  ground  at  the  top 
of  the  wall,  and  also  had  to  sustain  the  pressure  from  the  weight  of  the 
pipe  filled  with  water.  Where  a  wall  carries  a  surcharge  it  must  be 
carefully  calculated,  but  roughly  speaking  the  wall  must  have  a  50 
per  cent,  wider  base  than  an  ordinary  retaining  wall. 

The  specifications  of  the  City  of  Seattle,  for  retaining  walls, 
published  by  the  Civil  Engineering  Department  of  the  City,  are  very 
complete,  and  are  given  in  full. 

Foundation. — The  foundation  for  any  retaining  wall  is  to  be 
excavated  to  the  depth  called  for  on  the  plan,  or  to  such  depth  as 
the  City  Engineer  may  determine  is  necessary  to  insure  a  proper 
footing.  Where  the  location  of  the  wall  comes  on  soil  which,  in  the 
opinion  of  the  City  Engineer,  is  not  firm  enough  to  insure  its  safety, 
piling  or  other  suitable  form  of  sub-foundation  must  be  placed,  as 
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the  City  Engineer  will  direct.  The  foundation  pits  shall  at  all  times 
be  kept  dry  and  free  from  water  by  pumping  or  otherwise  as  may 
be  directed.  Where  permanent  drainage  of  the  foundation,  or  other 
than  that  shown  on  the  plan  is  necessary,  a  suitable  tile  or  sewer- 
pipe  drain  is  to  be  laid  and  connected  with  the  sewer  or  suitable 
outlet. 

FoTTtts. — Forms  for  retaining  walls  to  be  constructed  in  accordance 
with  the  details  given  on  the  plan,  or  where  no  details  are  given, 
in  a  manner  satisfactory  to  the  City  Engineer.     They  must  be  con- 
structed  of  sound   merchantable   lumber   thoroughly   braced  and 
stayed,   so   as   to  produce 
the  finished  surfaces  true 
to  line  and  grade,  and  free 
from    wind    or    warp    or 
objectionable     depressions 
and   projections.     Lumber 
used  to  be  evenly  sized  and 
free     from     knotholes     or 
other  imperfections  affect- 
ing    the     finished     work. 
Where     monolithic     con- 
struction is  required,  par- 
ticular care  must  be  taken 
to  construct  the  forms  of 
sufficient  strength  to  pre-         s'b«« 
vent  bulgmg.  \^      ^         i 

All  ■  ■  »  seciioM 

All      grooves,      jomts, 

mouldings,  pilasters,  panels  "■•=■  "'-^.STs.l^'"'  ""^ 

and  copings  shall  be  formed 

true  to  line  and  dimension.  Particular  care  to  be  exercised  in  con- 
structing the  forms  for  copings  or  other  projecting  parts  of  the  wall  or 
parapet  that  the  same  may  be  released  and  allowed  to  settle  slightly 
after  the  concrete  has  partially  set  in  order  to  prevent  the  expansion 
of  the  form  from  lifting  or  cracking  the  concrete  at  such  projecting 
portions. 

All  forms  to  be  so  constructed  that  in  stripping  them  from  the 
finished  work,  the  edges  of  moldings,  etc.,  will  not  be  defaced. 

Concrete. — The  concrete  used  in  retaining  walls  is  to  be  mixed 
in  the  proportions  of  one  (i)  part  Portland  cement,  three  (3)  parts 
sand  and  six  (6)  parts  gravel.  The  proportions  of  cement  to  the 
total  aggregate  used  will  be  invariable,  but  the  relative  proportion 
of  sand  to  gravel  n.ay  be  varied  by  the  Engineer  from  time  to  time. 
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The  concrete  shall  be  deposited  uiiiformly  in  layers  but  shall  not 
be  deposited  in  any  part  of  the  wall  faster  than  it  can  be  properly 
handled  and  spread  into  place.  Depositing  the  material  from  a 
height  into  place,  without  properly  remixing  and  spreading  the  same 
will  not  be  permitted.  Unless  otherwise  directed,  the  concrete 
must  be  mixed  wet  enough  to  readily  spread  and  fill  the  forms  but 
it  shall  not  be  mixed  so  wet  that  there  is  any  tendency  to  wash  the 
gravel  free  from  the  grout  coating.  All  concrete  must  be  thoroughly 
spaded  as  soon  as  deposited.  The  face  of  the  wall  is  to  be  formed  by 
spading  back  the  gravel  therefrom  in  such  a  manner  as  to  leave  a 
smooth  cement  finish.  Before  any  concrete  is  deposited  on  top  o£  a 
previous  day's  work,  the  latter  shall  be  made  rough  by  picking  or 
chipping.  All  loose  material  and  cement  scum,  or  laitance,  must 
be  thoroughly  removed,  the  surface  washed  clean  and  then  grouted 
with  neat  cement.  The  scum,  or  laitance,  to  be  removed  before 
the  concrete  has  set  hard. 

All  walls  shall  be  constructed  as  monoliths,  where  practical, 
that  is,  any  section  of  a  wall  shall  be  deposited  in  one  continuous 
operation,  including  the  final  finish  at  the  top.  Where  monolithic 
construction  is  impractical,  for  the  purpose  of  keeping  each  successive 
step  of  the  work  together,  a  recess  six  (6)  inches  deep  and  of  a  width 
equal  to  one-third  the  width  of  the  wall  shall  be  left  at  the  end  of 
each  day's  work  for  the  entire  length  of  such  work  in  all  walls  where 
the  cross-section  is  two  (2)  feet  or  more  in  thickness.  In  thinner 
walls,  the  contractor  will  be  required  to  furnish  and  set  steel  dowel 
pins  not  less  than  three-quarters  {|)  of  an  inch  square  and  two  (2)  feet 
long  at  intervals  of  not  less  than  three  (3)  feet  for  the  entire  length 
of  each  day's  work  where  the  same  is  not  brought  to  the  finished 
height. 

In  all  walls  the  forms,  moldings,  etc.,  along  the  fiimshed  sides 
must  be  kept  cleaned  of  any  dry  mortar  or  concrete  which  may  mar 
the  finished  appearance. 

Joint?- — ^Joints  are  to  be  made  in  all  walls  as  indicated  on  the 
plan  or  as  directed  by  the  City  Engineer,  Where  joints  are  required 
the  wall  shall  be  built  in  alternate  sections.  In  the  ends  of  each 
completed  section  a  recess  shall  be  provided,  four  (4)  inches  deep 
and  of  a  width  equal  to  one-third  (3)  the  thickness  of  the  wall,  but 
not  exceeding  i  foot,  for  the  purpose  of  keying  the  sections  of  the 
wall  together,  or,  steel  dowel  pins  f  of  an  inch  square  and  two  (2) 
feet  long  can  be  set  at  intervals  of  two  (2)  feet,  as  may  be 
directed. 

Before  the  intermediate  sections  are  built  the  ends  of  the  alternate 


D.qit.zeaOvGoOt^lc 


CALCULATION  OP  PIERS,  FOOTXNOS  AND  RETAINING  WAL15  513 

sections  must  be  coated  with  one  coat  of  expansion-joint  material 
and  four  (4)  layers  of  No.  2  tarred  roofing  felt,  each  layer  of  roofing 
felt  being  coated  with  pitch  or  asphalt  as  kid. 

At  the  finished  face  of  the  wall,  the  joint  shall  end  in  a  V-shaped 
groove  two  (2)  inches  wide  and  one  (i)  inch  deep  unless  otherwise 
shown  on  the  plan. 

Finish. — As  soon  as  the  forms  are  stripped,  the  suriace  of  the 
wall  shall  be  gone  over  with  a  chipping  hammer  and  all  projections 
brought  down  to  an  even  surface.  All  wires  must  be  snipped  to  the 
surface  of  the  wall  and  all  holes,  projections  or  rough  spots  pointed 
up  with  a  mortar  composed  of  1  part  cement  to  2  parts  sand.  Care 
shall  be  taken  in  removing  the  forms  that  edges,  molding,  etc.,  are 
not  damaged.  The  entire  surface  shall  be  wetted  and  then  given 
a  brush  finish  with  a  coat  of  cement  grout  composed  of  i  part  plaster 
of  paris  and  3  parts  cement  mixed  with  water  to  a  consistency  of 
thick  cream  or  with  a  thin  coat  or  neat  cement  grout,  as  the  City 
Engineer  directs. 

Waterproofing. — The  back  of  the  wall  is  to  be  coated  with  tar  pitch, 
asphalt  or  other  approved  substance.  Unless  otherwise  directed  such 
waterproofing  will  consist  of  two  coats  of  the  substance  selected.  The 
waterproofing  must  be  applied  hot  and  only  on  a  dry  surface. 

Gravel. — A  layer  of  coarse  gravel  not  less  than  4  inches  in  thick- 
ness shall  be  placed  at  the  badk  of  the  wall  for  its  entire  height  and 
will  be  paid  for  per  cubic  yard  in  place. 

Tile  Drain. — A  tile  drain  of  the  size  called  for  on  the  plan  is  to  be 
placed  at  the  back  of  the  wall  at  the  bottom  and  connected  to  the 
sewer  where  shown  in  the  plan. 

Backfiiling. —  The  backfilling  behind  retaining  walls  is  not  to  be 
made  until  the  walls  have  been  allowed  to  set  two  weeks  or  longer. 
The  filling  to  be  made  m  layers  not  exceeding  i  foot  in  thickness  and 
thoroughly  rammed.  Filling  in  with  loose  earth  and  puddling  the 
same  will  not  be  permitted  except  by  express  permission  of  the 
City  Engineer. 

Measurements. — The  quantities  of  materials  to  be  paid  for  in 
concrete  retaining  walls  ^all  be  the  actual  quantities  in  the  com- 
pleted work,  the  volumes  to  be  determined  by  the  prismoidal  formula. 

Payment  for  plain  concrete  retaining  walls  will  include  all  neces- 
sary excavating,  concrete,  dowel  pins,  joints,  backfilling,  finislung 
the  surface,  moldings,  and  the  furnishing,  placing  and  removing  of 
all  necessary  forms. 

PiUng  for  sub-foundation  work,  gravel,  waterproofing,  tile  drain 
and  sewer  pipe  will  be  paid  for  at  the  rates  bid  for  the  same. 
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In  case  no  bid  is  taken  for  reinforcing  steel,  6  cents  a  pound  will 
be  paid  for  any  used. 

Payment.— Va.ymnnt  for  reinforcing  steel  will  be  in  full  for  fur- 
nishing, bending,  fitting  and  placing  the  same  in  the  work  as  called 
for  on  the  plan.  The  measurement  of  steel  will  be  for  the  length 
called  for  on  the  plan  or  as  the  City  Engineer  may  direct  to  be  placed 
in  the  completed  work. 

TABLE  LI— ANGLE  OF  REPOSE  OF  SOILS. 
(Engineer's  Year  Book). 


Material: 

Angle. 

Ratio  ot  Base  of  Slope  to  HaM 

29° 
45" 
i6' 
29° 
45  to  49° 

66  to  74° 

48° 

26" 
J7  to  31° 

26° 

i^" 

39° 
14  to  45° 

Eaith' moist 

t  to  1  to  .87  to  I 

3.27  to  I 

.4510  1  to  .28  to  I 

1.3  toi  toi.6toi 

TABLE  LII.— WEIGHT  PER  CUBIC  YARD  OF  SOILS. 


Materia]. 

Dry  peat 

Wet  peat 

Tc^soil 

Dry  sand 

Common  earth 

Sandy  Loam 

Marl 

Clay 


Materii 

Wet  sand.. .  .■. . 
Gravelly  clay ,  . 
Rough  Gravel.. 
Gray  cbalk. , . , 

Sandstone 

Shale 

Limestone 


3000 
3>4o 

3800 

4150 

4350 
4500 
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CHAPTER  XXVI 
CEMENT  AND  CONCRETE 

TBe  use  of  some  cementing  material  in  building  construction 
has  been  practiced  from  the  earliest  times,  but  the  intelligent 
employment  of  cement  may  be  said  to  date  back  only  as  far  as  the 
time  of  the  Roman  Empire,  and  Vitruvius  in  his  writings  explains 
fuUy  the  methods  of  its  use  and  the  quality  of  the  materials  that 
should  be  used  in  making  mortar  and  concrete,  although  his  ideas 
as  to  the  cause  of  the  cementing  action,  while  describing  the  results 
that  took  place,  were  very  far  from  the  truth,  as  he  had  no  concep- 
tion of  the  chemical  processes  involved. 

The  earlier  kinds  of  cement  were  natural  mixtures  or  deposits 
of  rock  which  when  put  through  the  manufacturing  process  had 
the  proper  composition  to  form  cement.  The  great  trouble,  how- 
ever, with  cement  of  this  kind  is  the  lack  of  uniformity  in  the  com- 
position of  the  rock  itself,  so  that  while  one  lot  of  cement  might 
be  first-class,  another  lot  made  from  identically  the  same  quarry 
might  be  far  from  good. 

The  first  real  Portland  cement  that  was  ever  manufactured, 
so  far  as  known,  was  under  a  patent  taken  out  by  John  Aspdin, 
of  Leeds,  England,  in  1824,  while  the  first  Portland  cement  manu- 
factured in  Germany  was  made  near  Stettin  in  1852,  The  manu- 
facture of  Portland  cement  was  begun  in  the  United  States  about 
187s,  and  at  the  present  time  there  are  extensive  manufactories  in 
practically  every  portion  of  the  United  States,  producing  cement 
in  many  cases  better  than  the  imported.  Large  amounts  of  natural 
cement  are  manufactured  in  the  United  States,  and  they  are  first-class 
for  use  in  making  mortar  for  masonry  work,  in  making  concrete  for 
concrete  fillii^  of  rock-faced  piers,  for  concrete  that  is  used  in  founda- 
tion pits,  and  in  any  location  where  the  concrete  is  not  exposed  to 
abrasion  or  the  weather.  But  where  a  first-class  piece  of  work  is 
desired  and  one  that  is  exposed,  nothing  should  be  used  in  concrete 
but  Portland  cement. 
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Natural  deposits  of  chalk  and  clay  must  be  found  so  that  they 
will  yield  a  product  containing  approximately  62.2  per  cent,  of 
lime,  2S.2  per  cent,  of  silica,  and  g.6  per  cent,  of  alumina,  or  about 
one-third  of  the  alumina  can  be  replaced  by  ferric  oxide,  giving  a 
cement  with  a  composition  of  61.7  per  cent,  lime,  27.4  per  cent, 
of  silica,  7.5  per  cent,  alumina,  and  3.4  per  cent,  of  ferric  oxide.  As 
a  matter  of  fact,  however,  the  European  cements  contain  not  only 
the  above  elements,  but  small  quantities  of  magnesia,  potash,  soda, 
sulphuric  acid,  sand,  carbonic  add,  and  water. 

The  process  of  manufacture  of  Portland  cement  does  not  con- 
cern the  engineer  as  a  feature  of  the  construction  of  foundations, 
so  that  the  details  will  not  be  gone  into  here,  but  reference  may 
be  made  to  "  Portland  Cement,"  by  C.  D.  Jameson,  M.  Am.  Soc, 
C.E.,  and  to  many  later  works. 

-  When  the  process  of  manufacture  has  been  properly  carried 
out,  up  to  the  point  of  grinding,  it  is  necessary  that  it  should  be 
ground  with  the  greatest  of  care,  as  upon  this  depends  very  largely 
its  value  as  a  cementing  substance,  and  the  finer  it  is  ground  the 
more  quick-setting  it  will  be — the  usual  fineness  being  so  that  not 
more  than  5  per  cent,  will  remain  upon  a  sieve  of  2500  meshes  per 
inch.  In  some  factories  after  the  cement  is  ground  it  is  sifted  to 
insure  the  output  being  of  proper  fineness,  but  as  this  is  an  extra 
expense  and  apt  to  cause  carelessness  among  the  employees,  it  is 
better  to  be  sure  that  the  machinery  grinds  it  properly  in  the  first 
instance.  Nearly  all  the  large  manufactories  now  have  storehouses 
of  large  capacity  in  which  the  cement  is  stored  for  some  time,  usually 
thirty  days,  before  shipment,  which  very  greatly  improves  the 
quality  of  the  cement,  by  slaking  out  the  free  lime.  One  of  the 
most  prominent  American  brands  was  shipped  out  for  some  years 
without  having  -been  stored  previous  to  packii^,  as  the  demand 
was  so  great  as  to  make  it  necessary  to  ship  immediately,  but  it  was 
found  that  a  considerable  amount  of  free  lime  was  present  and  caused 
the  cement  to  be  so  quicksetting  as  to  be  rejected  on  important 
work,  so  that  the  manufacturers  were  compelled  to  build  storehouses 
and  pack  it  for  shipment  after  it  had  been  stored  for  some  time. 

Many  engineers  require  cement  to  be  emptied  out  from  the 
barrels  or  bags  into  a  storehouse  at  the  site  of  the  work  and  become 
thoroughly  mixed  and  aged  before  use,  but  in  this  country  it  is 
usually  impracticable  to  do  this,  owing  to  the  speed  with  which 
work  is  pushed  through.  The  cement  used  to  be  packed  for  ship- 
ment in  barrels,  the  shipping  weight  of  which  is  practically  400  pounds 
gross.    These  barrels  are  lined  with  waterproof  paper  to  keep  the 
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cement  dry.  It  is  now  packed  in  paper  or  burlap  sacks  containing 
from  one-fourth  to  one-third  of  a  barrel  in  each  sack.  Portland 
cement  is  always  packed  in  burlap  sacks,  weighing  94  pounds  per 
sack.  This  method  of  packing  is  all  right  if  the  cement  is  to  be 
used  soon  after  packing,  or  the  sacks  kept  under  cover. 

For  many  years  the  English  cements  had  such  a  reputation 
that  they  were  more  used  than  any  other;  but  German  manufacturers, 
realizing  that  this  prestige  had  caused  the  EngHsh  to  become  some- 
what careless,  supplanted  to  a  large  extent  the  English  cements  by 
simply  guaranteeing  their  product,  thus  forcing  the  manufacturers 


^^ 


Fia.  356.— Cement  Testino-iiachine. 

of  other  countries  to  turn  out  a  product  of  greater  superiority. 
That  now  being  manufactured  in  the  United  States  (1913)  is  the  equal 
of  any  in  the  world. 

At  the  present  time  the  methods  of  testing  cements  are  so 
uniform  that  it  is  only  necessary  for  the  makers  to  furnish  a  cement 
that  will  stand  the  tests,  to  have  any  brand  of  Portland  cement 
accepted  on  important  work.  One  of  the  large  standard  testing- 
machines  is  shown  in  Fig.  356. 

Probably  the  most  used  specification  is  that  recommended  by 
the  Committee  on  the  Testing  of  Cement  of  the  American  Society 
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of  Civil  Engineers,  this  having  been  revised  and  adopted  by  the 
American  Society  for  Testing  Materials  as  given  in  Appendix  V, 
and  a  very  complete  specification  of  this  character  is  given  in  the 
appendix  from  the  specifications  for  the  Topeka  bridge  constructed 
by  Edwin  Thacher,  M.  Am.  Soc.  C.E.  But  the  same  engineer  has 
more  recently  prepared  General  Specifications  for  Concrete  Steel 
Bridges,  revising  the  Specifications  for  Cement,  and  they  are  quoted 
in  full  as  being  the  most  valuable  specifications  of  this  character 
published : 

"  All  foundations  shall  be  shown  on  plans,  and  conform  to  the 
dimensions  marked  thereon. 

"  Foundations  on  rock  shall  be  prepared  by  removing  all  sand, 
mud,  or  other  soft  material,  and  by  excavating  the  betl-rock  in  such 
manner  as  may  be  described  or  shown  on  drawings. 

"  Foundations  on  hardpan,  gravel,  gravel  and  clay,  cemented 
sand,  or  other  material  intended  to  carry  the  load  without  piles, 
shall  be  excavated  to  the  depth  shown  on  plans. 

"  Foundations  on  piles,  when  not  otherwise  described,  shall  be 
inclosed  in  a  permanent  coffer-dam  or  crib,  and  be  excavated,  to 
the  depth  shown  on  plans,  and  the  piles  shall  be  driven  after  the 
excavations  are  made.  The  spaces  between  the  piles  shall  be  filled 
with  concrete,  and  in  case  it  is  found  necessary  to  lay  the  concrete 
under  water,  proper  appliances  must  be  used  to  insure  its  being 
deposited  with  as  little  injury  as  possible. 

"  The  piles  shall  be  oak,  yellow  pine,  or  other  wood  that  will 
stand  the  blow  of  the  hammer,  straight,  sound,  and  cut  from  live 
timber;  trimmed  close,  cut  o&  square  at  the  butt,  and  have  all 
bark  taken  off. 

"  The  piles  shall  not  be  less  than  12  inches  nor  more  than  16 
inches  in  diameter  at  the  large  end,  nor  less  than  10  inches  in  diameter 
at  the  small  end,  for  piles  having  a  length  of  30  feet  and  under; 
for  greater  lengths  the  diameter  of  small  end  may  be  reduced  i  inch 
for  each  10  feet  of  additional  length  down  to  a  minimum  of  7  inches. 

"  The  piles  shall  not  be  loaded  with  a  weight  greater  than  given 
by  the  following  formula: 

in  which  L  =  safe  load  in  pounds,  w  =  weight  of  hammer  in  pounds, 
h  =  fall  of  hammer  in  feet,  S  =  last  pwnetration  in  inches. 

"  The  number  and  arrangement  of  the  piles  for  each  foundation 
shall  be  shown  on  plans,  and  they  shall  be  sawed  off  at  the  elevations 
shown. 
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"  The  following  values  shall  be  used  in  calculations: 

Modulus  of  elasticity  of  concrete 1,400,000  lbs. 

Maximum  compression  per  square  inch  on  concrete 500  lbs. 

Maximum  shear  per  square  inch  on  concrete 100  lbs. 

Maximum  tension  per  square  inch  on  concrete 50  lbs. 

The  above  to  be  exclusive  of  temperature  stresses. 

"  The  cement  shall  be  a  true  Portland  cement,  made  by  calcining 
a  proper  mixture  of  calcareous  and  clayey  earths;  and  if  required 
the  contractor  shall  furnish  a  certified  statement  of  the  chemical 
composition  of  the  cement  and  the  raw  materials  from  which  it  is 
manufactured. 

"  The  fineness  of  the  cement  shall  be  such  that  at  least  99  per 
cent,  will  pass  through  a  sieve  of  50  meshes  per  lineal  inch,  at  least 
90  per  cent,  will  pass  through  a  sieve  of  100  meshes  per  lineal  inch, 
and  at  least  70  per  cent,  will  pass  through  a  sieve  of  200  meshes  per 
lineal  inch. 

"  Samples  for  testing  may  be  taken  from  each  and  every  barrel 
delivered  unless  otherwise  specified.  Tensile  tests  will  be  made 
on  specimens  prepared  and  maintained  until  tested  at  a  temperature 
of  not  less  than  60°  F.  Each  specimen  wiD  have  an  area  of  one 
square  inch  at  the  breaking  section,  and  after  being  allowed  to  harden 
in  moist  air  for  24  hours  will  be  immersed  and  maintained  under 
water  until  tested. 

"  The  sand  used  in  prepari:^  the  test  specimens  shall  be  dean, 
sharp,  crushed  quartz,  retained  on  a  sieve  of  30  meshes  per  square 
inch,  and  passing  through  a  sieve  of  20  meshes  per  square  inch. 

"  No  more  than  23  to  27  per  cent,  of  water  shall  be  used  in  pre- 
paring the  test  specimens  of  neat  cement,  and  in  the  case  of  test 
specimens  of  one  cement  and  three  sand  no  more  than  11  or  12 
per  cent,  of  water  by  weight  shall  be  used. 

"  Specimens  prepared  from  neat  cement  shall  after  seven  days 
develop  a  tensile  strength  of  not  less 'than  450  pounds  per  square 
inch.  Specimens  prepared  from  a  mixture  of  i  part  cement  and  3 
parts  sand,  parts  by  weight,  shall  after  seven  days  develop  a  tensile 
strength  of  not  less  than  160  pounds  per  square  inch,  and  not  less 
than  220  pounds  per  square  inch  after  twenty-eight  days.  Specimens 
prepared  from  a  mixture  of  i  part  cement  and  3  parts  sand,  parts 
by  weight,  and  immersed  after  twenty-four  hours  in  water  main- 
t^ed  at  176°  F.,  shall  not  sweU  nor  crack,  and  shall  after  seven 
days  develop  a  tensile  strength  of  not  less  than  160  pounds  per  square 
inch. 
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"  Cement  mixed  neat  with  about  27  per  cent,  of  water  to  form 
a  stiff  paste,  shall  after  thirty  minutes  be  appreciably  indented  by 
the  end  of  a  wire  ^  inch  in  diameter  loaded  to  weigh  one-quarter 
pound.  Cement  made  into  thin  plates  on  glass  plates  shall  not 
crack,  scale  nor  warp  under  the  following  treatment:  Three  parts 
will  be  made  and  allowed  to  harden  in  moist  air  at  from  60  to  70°  F,; 
one  of  these  will  be  subjected  to  water-vapor  at  176°  F.  for  three  hours, 
after  which  it  shall  be  immersed  in  hot  water  for  forty-eight  hours, 
another  shall  be  placed  in  water  at  from  60  to  70°  F.,  and  the  third 
shall  be  left  m  moist  air. 

"  All  cement  shall  be  kept  housed  and  dry  until  wanted  in  the 
work. 

"  The  concrete  shall  be  composed  of  clean  hard  broken  stone, 
or  gravel  with  irregular  surface,  clean  sharp  sand,  and  cement,  mixed 
in  the  proportions  hereafter  specified.  Whenever  the  amount  of 
work  to  be  done  is  sufficient  to  Justify  it,  approved  mixing-machines 
shall  be  used.  The  ingredients  shall  be  placed  in  the  machine  in 
a  dry  state,  and  in  the  volumes  specified  and  be  thoroughly  mixed, 
after  which  clean  water  shall  be  added  and  the  mixing  continued 
until  the  wet  mixture  is  thorough  and  the  mass  imiform.  No  more 
water  shall  .be  used  than  the  concrete  will  bear  without  quaking  in 
runming.  The  mixing  must  be  made  as  rapidly  as  possible  and  the 
batch  deposited  in  the  work  without  delay. 

"  If  the  mixing  is  done  by  hand,  the  cement  and  sand  shall 
first  be  thoroughly  mixed  dry  in  the  proportions  specified.  The  stone 
previously  drenched  with  water  shall  then  be  deposited  on  this 
mixture.  Clean  water  shall  be  added  and  the  mass  be  thoroughly  . 
mixed  and  tunred  over  until  each  stone  is  covered  with  mortar 
and  the  batch  shall  be  deposited  without  delay,  and  be  thoroughly 
rammed  until  all  voids  are  filled.  The  grades  of  concrete  to  be  used 
are  as  follows:  For  the  arches  between  skew-backs — ^i  part  Portland 
cement,  2  parts  sand,  and  4  parts  broken  stone,  or  gravel,  that  will 
pass  through  a  ij-inch  ring.  ■ 

"  For  the  foundations,  abutments,  piers,  arid  spandrels — i  part 
Portland  cement,  4  parts  sand,  and  8  parts  broken  stone,  or  gravel, 
that  will  pass  through  a  2-inch  ring. 

"  If  concrete  facing  is  used,  it  shall  be  composed  of  i  part  Port- 
land cement  and  3^  parts  sand,  and  shall  have  a  thickness  of  at  least 
I  inch  on  all  arch  soffits,  arch  faces,  abutments,  piers,  spandrels, 
or  other  exposed  surfaces. 

"  There  must  be  no  definite  plane  or  surface  of  demarcation 
between  the  facing    and  the  concrete  backing.     The  facing  and 
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backing  must  be  deposited  in  the  same  lajer,  and  be  well  rammed 
in  place  at  the  time  same.  If  the  arch  faces,  quoins,  or  other  exposed 
surfaces  are  marked  to  represent  masonry,  such  division  marks  shall 
be  made  by  triangular  strips  2  inches  wide  and  i  inch  deep  fastened 
to  the  casing  in  perfectly  straight  and  parallel  lines,  and  all  project- 
ing comers  will  be  beveled  to  correspond. 

"  No  plastering  wilj  be  allowed  on  the  exposed  faces  of  the  work, 
but  the  inside  faces  of  the  spandrel  walls  covered  by  the  fill  may  be 
plastered  with  mortar  having  the  same  composition  as  specified 
for  facing. 

"  All  keystones,  brackets,  consoles,  dentils,  pedestals,  hand- 
railing  posts  and  panels,  and  other  ornamental  work  when  used, 
also  curbs  and  gutters,  shall  be  of  the  designs  shown  on  plans,  and 
be  molded  in  suitable  molds.  The  mortar  for  at  least  i  inch  thick 
shall  consist  of  i  part  Portland  cement  and  23  parts  sand,  and  when 
the  size  of  the  molding  will  admit,  the  interior  may  be  composed  of 
concrete  of  the  same  composition  as  specified  for  the  arches.  When 
pedestals,  posts,  or  panels  carry  lamp-posts,  a  4-inch  wrought- 
iron  pipe  shall  be  built  into  the  concrete  from  top  to  bottom,  and  at 
bottom  shall  be  connected  with  a  3-inch  pipe  extending  under  the 
sidewalk  and  connected  with  gas-pipe  or  electric-wire  conduit.  The 
pipes  shall  have  no  sharp  bends,  all  changes  in  direction  being  made 
by  gentle  curves. 

"  During  warm  and  dry  weather,  all  newly  built  concrete  shall 
be  well  sprinkled  with  water  for  several  days,  or  until  it  is 
well  set. 

"  The  volumes  of  cement,  sand,  and  broken  stone  in  all 
mixtures  of  mortar  or  concrete  used  in  the  work  shall  be 
measured  loose. 

"  In  connecting  concrete  already  set  with  new  concrete  the  sur- 
face shall  be  cleaned  and  roughened,  and  mopped  with  a  mortar 
composed  of  i  part  Portland  cement  and  i  part  sand,  to  cement  the 
parts  together. 

"  The  concrete  for  the  arches  shall  be  started  simultaneously 
from  both  ends  of  the  arch,  and  be  built  in  longitudinal  sections 
wide  enough  to  inclose  at  least  two  steel  ribs,  and  of  sufficient  width 
to  constitute  a  day's  work.  The  concrete  shall  be  deposited  in  layers, 
each  layer  being  well  rammed  in  place  before  the  previously  deposited 
layer  has  had  time  to  partially  set.  The  work  shall  proceed  con- 
tinuously day  and  night  if  necessary  to  complete  each  longitudinal 
section.  These  sections  while  being  built  shall  be  held  in  place  by 
substantial  timber  forms,  normal  to  the  centering  and  parallel  to 
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each  other,  and  these  forms  shall  be  removed  when  the  section  has 
set  sufficiently  to  admit  of  it.  The  sections  shall  be  connected  as 
specified  and  also  by  steel  clamps  or  rib  connections  built  into  the 
concrete." 

The  average  requirements  of  the  United  States  Government 
Engineers  are  that  95^  per  cent,  shall  pass  through  a  2500-mesh 
sieve  and  84  per  cent,  through  a  10,000-mesh  sieve.  This  require- 
ment is  considerably  lower  than  is  called  for  by  many  of  the  cities 
in  the  United  States,  the  average  of  nine  cities  taken  for  this  pur- 
pose requiring  97  per  cent,  to  pass  through  a  2500-mesh  sieve  and 
89  per  cent,  through  a  10,000-mesh  sieve.  The  United  States  Gov- 
ernment Engineers  require  the  cement  to  test  up  to  402  pounds 
per  square  inch  for  seven-day  tests  of  neat  cement,  and  up  to  iig 
poimds  for  a  seven-day  test  of  3  to  i  briquettes;  while  the  same  nine 
cities  mentioned  above  show  an  average  requirement  of  388  pounds 
per  square  inch  for  seven-day  tests  of  neat  cement,  and  134  pounds 
for  seven-day  tests  of  3  to  i  briquettes. 

The  United  States  Government  Navy  Specifications  for  Portland 
Cement  are  very  thorough  and  are  given  in  Appendix  VIII, 

The  proportion  of  concrete  and  the  methods  of  depositing  it 
have  been  fully  covered  in  previous  chapters,  but  the  practical 
use  of  cement  makes  it  desirable  to  have  tables  of  concrete  mix- 
tures of  various  proportions,  which  give  the  amount  of  cement  in 
barrels,  the  amount  of  sand  in  yards,  and  the  amount  of  broken 
stone  or  gravel  in  yards,  to  use  to  make  one  yard  of  tamped  con- 
crete. 

One  of  the  first  tables  of  this  sort  to  be  published,  which  had 
been  checked  by  practice,  was  in  Vol.  42  of  the  Transactions  of  the 
American  Society  of  Civil  Engineers,  in  a  discussion  by  the  author, 
of  a  paper  on  The  Theorj'  of  Concrete.  (Table  LDC.)  More  com- 
plete tables  of  this  kind  have  been  worked  out  from  theorj',  exjxsri- 
ment,  and  practice  by  Edwin  Thacher,  M,  Am.  Soc.  C.E.,  and  with 
his  permission  are  reprinted  here.     (Tables  LIII  and  LIV.) 

The  discussion  by  the  author  on  the  amount  of  material  in  dif- 
ferent concretes  is  given  in  full,  as  it  forms  an  interesting  comparison 
with  the  tables  prepared  by  Thacher.  (Table  LIX.)  The  column 
with  stone  having  0.4  voids  agrees  very  closely  with  Thacher's 
table  for  concrete  with  aj-inch  stone,  the  agreement  being  so  close 
as  to  make  the  tables  practically  identical, 

"  This  subject  has  impressed  the  speaker  as  being  a  very  important 
one,  for  the  reason  that  in  figuring  on  work  he  has,  as  a  rule,  found 
that  engineers  and  contractors  know  only  approximately  the  quan- 
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TABLE  LIII.— MATERIAL  FOR  CONCRETE. 
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TABLE  LrV.— MATERIAL  FOR  CONCRETE  (CONTINUED). 
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TABLE    LV.— QUANTITIES  OF  MATERIALS  FOR  ONE  CUBIC  YARU  OF 
RAMMED  CONCRETE.' 

BASED  ON    A    BARREL    OP   3.8  CUBIC    tSET. 
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TABLE   LVI.-QUANTITIES   OF   MATERIAL   FOR   ONE   CUBIC   YARD   OF 
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titles  of  cement,  sand  and  broken  stone  to  order  for  a  given  number 
of  yards  of  concrete  of  certain  specified  proportions.  The  most 
convenient, way  of  determining  these  quantities  is  to  prepare  tables 
from  which  the  amounts  required  for  a  yard  of  concrete  of  any  pro- 
portion may  be  taken,  using  only  such  proportions  as  have  the  voids 
in  the  stone  entirely  or  more  than  filled. 

"  Many  writers  on  this  subject  have  assumed  that  every  con- 
crete, no  matter  what  the  proportions  may  be,  has  simply  a  yard  of 
broken  stone,  without  regard  to  the  fact  that  there  is  more  or  less 
mortar  in  different  proportions.  In  making  up  a  table  of  this  sort 
the  speaker  used  the  proportions  of  mortar  given  in  Baker's '  Masonry 
Construction,'  but  found  that  this  did  not  agree  with  actual  prac- 
tice. These  tables  in  '  Masonry  Construction '  were  made  up 
from  theoretical  considerations,  and  it  is  understood  that  they  are 
to  be  revised  in  a  new  edition.     [This  has  since  been  done.] 

"  The  table  was  made  up  some  years  ago  by  comparison  with 
actual  cases,  and  has  been  found  to  give  very  satisfactory  results 
in  practice.  The  column  for  broken  stone  with  0.4  voids  will  repre- 
sent closely  ordinary  broken  limestone  which  chips  up  more  than 
a  harder  stone  and  consequently  has  less  voids;  while  the  column 
with  0.5  voids  represents  trap  rock,  the  break  in  which  is  more 
angular.  It  will  be  readily  seen  from  the  table  for  Portland  cement 
concrete  that  certain  proportions  will  not  have  the  voids  filled  and 
should  not  be  used. 

"  For  example,  with  i  to  3  mortar  and  with  stone  having  0.4 
voids  all  the  concrete  (riven  will  have  the  voids  filled,  or  more  than 
filled,  while  with  0.5  vciJs  only  the  1-3-4  (No.  7}  will  have  the  voids 
filled.  The  table  is  made  up  on  the  basis  of  shrinkage  under  mixing 
and  ramming  of  about  7  cubic  feet,  and  3.8  cubic  feet  of  cement  to 
a  barrel. 

"  In  a  recent  paper  presented  to  the  society,  one  of  the  members 
stated  that  concrete  was  not  a  fit  material  for  piers  of  railway 
bridges,  unless  a  pedestal  block  of  stone  was  use'd  on  which  to  rest 
the  masonry  plates.  The  speaker  would  refer  that  member  to  the 
engineers  of  half  a  dozen  large  western  roads  who  use  concrete  for 
piers,  and  allow  the  bed  plates  to  rest  directly  upon  the  concrete. 
Concrete  is  certainly  better  than  most  stone,  except  granite,  and 
probably  50  per  cent,  better  than  much  of  the  stone  commonly 
used." 

The  tables  (LV.  LVI,  LVII  and  LVIII)  by  Taylor  and  Thomp- 
son in  Concrete  Plain  and  Reinforced  are  the  most  complete  now 
in  use,  and  are  published  by  permission. 
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TABLE  LIX.-FOWLER'S  PROPORTIONS  FOR  PORTI.AND  CEMENT 
CONCRETE. 
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0.83 

0.51 
0.49 
0.47 
0.44 

0,40 

0  57 

0  S4 
0.51 
0.50 
0.48 

o.SS 
O.S3 
0.51 
0.49 

0,47 

0.87 
0  91 
0.9S 

I -OS 

I    il 

s 

1.08 

0.83 
0.89 
0,92 
0  97 

1.36 

1.30 

lO 

0.91 
0.94 
0.97 

log 

I   2: 

1.03 

1. 25 

lOut  34  cubic  feel  loose  - 1  cubic  yaid  rammed, 
bar  —  1  la  a  cubic  yuds  per  man  per  day. 


Copy  of  Report  of  the  Operations  of  the  Engineering  Department  of 
the  District  of  Columbia,  under  Hie  direction  of  Major  Charles  F. 
Powell,  Corps  of  Engineers,  V.  S.  A.,  Engineer  Commissioner 
of  District  of  Columbia,  year  ending  June  30,  1896.     {Page  194). 

TABLE  LX.— TENSILE  STRENGTH;   3  PARTS  QUARTZ,  1  PART  CEMENT, 


Atlas 

Dyckerhoff . . . 

Ifonover 

Alpha 

Hemmoor. . . . 

Giant 

Porta 

Egypt 

Mannhcimer. . 
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Summary  of  cement  tests  Jor  tensile  strength  and  fineness  made  by  ike 
Seattle  City  Engineer's  Office  to  this  date,  March  lo,  1904. 

TABLE  LXI.— MIXTURE:  1  VOLUME  OF  CEMENT  TO  1  VOLUME  OF  SAND. 


Brand. 

quettEt 

Tensile  Strength. 

°"1?~ 

Day*. 

Di;,, 

Months. 

Monthi 

Ye'ar. 

Y««. 

Meahei  to 
Sq.  Inch. 

Alscn 

Condor 

DykerhofI 

Flying  Cask.  .  , 
Fodififation... 

Gennania 

Golden  Gate. . . 
Harcourt 

Hemmoor 

Hercules 

Josson 

K.  B.  &  S 

Mannhciroer. . . 

Red  Castle 

Ruderalorf,,.. 

Teutonia 

6 
6 

7 

6 
6 

17 
6 
6 
6 
6 
6 
6 
fi 
6 
6 

iS 
5 
6 
6 

415 
319 
443 

309 
308 
297 

JO? 

153 

306 
I7S 
259 
273 
341 
21S 
33' 
357 
330 
178 
310 

480 

4S8 

482 
S8o 
361 

434 
300 
240 
39' 

2Sg 
369 
2B6 

j6i 
4iS 
438 
400 
aSl 
461 

547 
5SS 
S6i 
604 
477 
4B4 
517 
341 
.84 
446 
354 
AlS 
414 
470 
334 
481 
573 
433 
348 
47.1 

560 
606 
60s 

510 
537 
366 
363 
50* 
384 
475 

S19 
403 
S4S 
587 
475 
4Q4 

(-34 
641 
69. 

606 

393 
5S7 
448 
530 

507 
488 
591 

50S 
475 
592 

664 
T03 

466 
4!4 

584 
58s 

603 

87% 

87  s 

90 

90 

93 
93 

S4.8 
87 

87 

85.3 

88 

87. s 

8S 

87 

91 

94S 

8S 

8S 

8S 

TABLE  LXIL— CEMENT  TESTS,  aTY  OF  SEATTLE,  1913 
(Pacific  Coast  Cements) 


"'"^ 

FinencH 
Si^. 

Strength,  .  Cement  and  3  Sand. 

7  days. 

18  days. 

araos. 

6  mo*. 

Superior. .  .      (WashinRton) 

Washington             "          

Olympic                    "           

International            "            

Inland                     "          

Golden  Gate  (California) 

Blue  Cross             "          

Kiversade                "          

Mt.  nubio         "       

Standard 

89.4 
87.8 
9'-3 
85.0 
84.0 

87.0 
89-0 
84.0 
90,0 
84-0 

3'4 
300 
430 
380 
296 

340 
360 

325 
282 

4^5 
398 
SJo 
424 
373 

.  410 
440 
3fio 

420 

365 

5' 2 
492 

534 
5S6 

577 

6SS 
503 

536 
595 

S6o 

Goo<^le 
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Fio-  357- — Smith  Concrete- mixes. 


Fio.  3s8.— Cr£EN  Lake  San*d  and  Gravel  Bunkers. 
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For  machine  mixing  the  new  Ransomc  mixer,  or  the  Smith  mixer 
(Fig.  357)  are  considered  by  the  author  to  be  among  the  best  for  turn- 
ing out  thoroughly  and  uniformjy  mixed  concrete. 

The  wonderful  increase  in  the  use  of  concrete  since  1900  has 
led  to  the  study  of  cheapening  its  cost  in  every  possible  way.  The 
placing  of-  20,000  yards  in  the  Green  Lake  reser\'oirs  at  Seattle  by 
the  author  was  accomplished  by  using  the  mixing  plant  shown  in 
Fig-  358. 

The  sand  and  gravel  was  towed  on  scows  a  distance  of  forty 
miles,  by  a  tug  and  scow  outfit  described  in  Chapter  XIX,  to  an 
unloading   dock   at    the   waterfront,   where   it   was   transferred    to 


Fig.  3sg. — Ransome  Concrete  Mixer. 

Rogers  ballast  cars  by  a  i-yard  clam-shell  bucket,  operated  by  a 
double  7X12  hoist  engine,  the  hoisting  lines  being  used  to  swing  the 
boom  of  the  derrick  as  described  in  Chapter  XVI. 

The  cars  were  switched,  about  10  or  12  each  day,  by  steam  rail- 
road a  distance  of  about  three  miles,  to  an  electric  transfer  point 
where  electric  locomotives  handled  them  to  the  bunkers,  o\-er  several 
miles  of  street  railway  and  over  one  and  one-half  miles  of  standard- 
gage  track  constructed  for  this  particular  work;  several  blocks  of 
the  line  being  on  an  8  per  cent,  grade. 

The  Ransome  mixer  without  power  and  trucks  is  shown  in  Fig. 
359  and  with  hoppers  and  gasoline  engines  in  Fig.  360  and  Fig.  361. 

The  drum  is  a  cylinder  of  rolled  steel  plate,  with  heavy,  wide- 
face  traction  surfaces.    To  the  inner  periphery  are  bolted  the  Ransome 
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mixing  blades.  ■  These  blades  carry  the  materials  up  to  the  highest 
point  of  the  drum,  whence  they  are  thrown  down  on  the  mass  in 
the  lower  part  of  the  drum,  producing  a  mixing  action  which  is  a 


Fig.  360,— Ransome  Gasoline-driv-en  OuTsn  wna  Fixed  Baich  Hoppek. 


Fio.  361. — Ransoiie  Gasoline-driven  Odtfit  with  Pivot  Hopper. 

combination  of  rolling  and  grinding  contact.  Water  clearances, 
a  patented  Ransome  feature,  are  provided  beneath  and  at  the  ends 
of  the  blades.     This  insures  quick  and  thorough  cleaning. 
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The  gear  ring  is  made  of  cast  gray  iron,  with  teeth  of  two-inch 
pitch.    The  journals  are  of  the  solid  babbitted  type. 


1 
1 

■  1 

5iU 

j_     ;    ^s»» 

= 

^  i 

L    L    .|. 

-o—  8 e-*-«^l 

Fic.  362. — Ransoue  Bin  Gates. 

The  cars  were  run  on  top  of  the  bunkers,  dumping  into  the  sand 
bunkers  from  one  track  and  into  the  gravel  bunkers  from  the  other. 
The  sand  and  gravel  were  discharged  from  the  bunkers  through  a 
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gate  similar  to  Fig.  362  (a),  into  a  wooden  measuring  hopper  on  the 
mixer,  similar  to  the  one  shown  in  P'ig.  360.  The  mixer  used  for 
the  1-3-5  concrete  was  a  jo-cubic-foot  Ransome,  and  the  mixer  used 
for  the  i-ii  cement  mortar  top  was  a  20-cubic-foot  Ransome. 


}•.. — Concrete  Babkow. 


Frc.  364.— Ransohe  Concrete  Cart. 

The  concrete  was  then  discharged  into  Koppel  dump-cars,  operat- 
ing similarly  to  Fig.  365,  and  which  were  pushed  by  one  man  over 
18-inch  gage  track  with  20-pound  rails,  to  the  place  where  work 
was  in  progress.  The  work  on  the  slopes  was  carried  on  by  picking 
up  the  body  of  the  cars  by  a  bridle  from  a  lo-ton  derrick  with  long 


joovGoOt^lc 


SUB-AQUEOUS  FOUNDATIONS 


Fic,  365.— Ransome  Concrete  Rotary  Dump  Car. 


Fig.  366.— Concrete  Spouting  Plant,  Portland,  Ore. 
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boom,  and  they  were  swung  around  and  dumped  into  place.  The 
concrete  had  to  be  a  dryer  mbt  for  the  slopes,  to  prevent  running, 
than  was  used  for  the  bottom.  The  plant  worked  very  smoothly 
and  handled  on  this  particularly  hard  kind  of  work,  from  joo  to 
250  yards  per  day  of  eight  hours. 


Fig.  367.— Tower  186  Feet  High.    Spouhno  Plant,  Postund. 

The  placing  of  concrete  is  accomplished  on  small  jobs  by  using 
ordinary  concrete  whccl-barrows  (Fig.  363),  but  an  output  of  about 
150  yards  per  day,  requires  usually  about  thirty  men,  and  con- 
sequently for  work  of  a  medium  size,  concrete  carts  (Fig.  364)  are 
used,  and  often  larger  carts  of  a  similar  type  drawn  by  horses.  With 
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the  hand  carts  the  crew  can  be  cut  down  over  one-half,  while  with 
the  horse  carts  only  about  one-third  the  number  ot  men  are  needed. 
Where  the  work  is  strung  out  in  a  line,  tableways  can  be  used, 
as  described  in  the  preceding  pages,  but  on  nearly  all  work  of  large 
size,  the  spouting  system  of  distributing  concrete  is  now  employed. 
The  plant  used  by  the  author  at  the  East  Twenty-first  Street  Viaduct 
in  Portland  (Fig.  366)  consisted  of  two  towers;  the  tall  one  (Fig. 
367)  at  the  mixer  for  hoisting  the  concrete  was  186  feet  high,  while 
the  secondary  one  for  distributing  the  concrete  was  100  feet  high. 


Fic.  368.— DiSTRiBOTiNC  Boom  on  Spodttnc  Plant,  Pobtuvnh,  OiiE, 

The  booms  for  handling  the  concrete  were  of  the  style  shown  in  Fig. 
368. 

The  towers  in  this  case  were  of  light  timber  construction,  guyed 
with  small  wire  ropes.  Experience  on  the  work  indicated  that  the 
tall  tower  properly  placed  would  have  handled  the  work  just  as 
well  or  better,  than  the  two  laid  out  by  the  patentees.  Where 
such  a  system  is  used  for  a  dam  or  heavy  mass  of  concrete,  the  tower 
can  be  of  steel  and  be  buried  in  the  work. 

The  placing  of  the  concrete  in  the  above  case  was  carried  out  at 
about  the  same  cost  for  less  than  4000  yards  placed,  as  would  have 
resulted  from  the  use  of  cars  and  tracks.     This  of  course  includes  the 
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cost  of  plant  and  its  erection  and  removal.  With  a  larger  yardage 
the  result  would  have  been  very  much  better,  as  close  to  300  )'ar(is 
could  be  placed  in  one  day  with  twelve  men.  The  ordinary  cost 
of  such  mixing  and  placing  on  large  work  runs  from  30  to  40  cents 


Fic.  369. — Simplest  Plant  for  Spovtinc.  Concrete. 

per  yard,  and  the  figures  given  by  the  makers  of  such  plants  are  sel- 
dom or  never  realized  in  practice. 

The  arrangement  and  details  of  such  a  tower  are  shown  in  Fig. 
36q,  and  another  plant  used  by  the  author  in  placing  about  7000 
yards  of  concrete  within  a  175-foot  radius  is  shown  in  Fig.  go,  the 
one  tower  working  in  a  perfectly  satisfactory  manner. 
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CHAPTER  XXVII 
FOUNDATIONS  FOR   PIERS  AND  WHARVES* 

The  types  of  construction  used  in  piers  and  wharves  have  been 
a  matter  of  very  slow  evolution.  Those  built  with  foundations 
of  piling  and  timber  and  of  fills  out  into  the  water  are  the  pro- 
totypes of  the  various  classes  of  construction  used  on  the  best  work 
at  the  present  time.  Structures  of  this  class  are  of  two  general 
types,  piers  or  jetties  extending  out  from  the  shore  into  the  water, 
and  wharves  or  quays  built  along  the  shore  or  parallel  to  it.  Many 
of  the  European  ports  have  both  types,  and  the  same  is  true  of  prac- 
tically all  tie  principal  ports  of  the  world.  Those  constructed  on 
Puget  Sound  are  largely  of  timber,  and  at  Seattle,  one  of  the  greatest 
ports  of  the  world,  both  the  jetty  and  quay  type  are  used,  although 
the  jetty  type  is  used  in  the  majority  of  cases.  Those  at  Tacoma, 
30  miles  farther  up  the  Sound,  on  the  other  hand,  are  practically 
all  of  the  quay  type. 

The  ordinary  piers  constructed  as  landing  places  for  small  vessels 
are  very  often  built  with  untreated  piles  and  untreated  timber. 
Where  the  teredo  are  very  active  untreated  peeled  piles  will  be  eaten 
off  in  a  few  weeks  or  in  a  few  months  at  the  outside.  Piles  driven 
with  the  bark  on,  where  it  is  not  broken,  will  last  from  one  to  two 
years.  An  illustration  showing  a  section  of  such  a  pile  which  had 
been  in  use  for  about  two  years  is  shown  in  Chapter  XXVIII, 
consequently,  the  semi-f)ermanent  class  of  piers  are  constructed 
with  creosoted  piling,  which  will  last  approximately  the  same  num- 
ber of  years  as  there  are  pounds  of  creosote  per  cubic  foot.  These 
piles  in  recent  years  have  nearly  all  been  treated  by  the  boiling 
process  described  in  Appendix  X.  The  treatment  should  never  be 
less  than  12  pounds  per  cubic  foot  for  any  timber,  and  for  the 
softer  grades  it  should  be  about  16  pounds  per  cubic  foot,  and  in 
places  where  teredo  are  particularly  bad,  20  pounds  per  cubic  foot. 
Douglas  fir  from  the  northwestern  portion  of  the  United  States 
is  a  very  difHcutt  species  of  timber  to  treat,  and  it  is  doubtful  if 
more  than  16  pounds  can  be  put  into  it  uniformly  by  any  process, 
the  same  being  true  of  other  very  hard-fibercd  timber. 

•  S«  costs  of  piers  in  Chapters  XXXII  and  XXXIII. 
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The  bracing  of  timber  piers  is  ordinarily  done  by  using  creosoted 
brace  piles  driven  at  an  angle  of  from  30  to  45  degrees  (Fig.  374), 
depending  on  the  depth  of  the  water,  but  in  some  instances  creosoted 
plank  for  X-bracing  is  bolted  or  spiked  on  with  galvanized  bolts  or 
spikes.  With  this  exception  it  is  very  rarely  that  any  creosoted  lumber 
is  used  in  the  construction  of  timber  piers,  although  the  creosoting 
of  the  caps  and  joists  or  stringers  would  be  a  very  wise  thing  to  do. 
The  ordinary  small  pier  has  tlie  bents  located  about  12  feet  center 
to  center,  with  the  piles  in  each  bent  spaced  about  10  feet  center 
to  center.  The  caps  are  usually  12X12  or  12X14,  the  joists  4X14, 
and  the  floor  planking  3  inches  thick.  Such  a  wharf  will  cost  from 
40  to  50  cents  per  square  foot  of  its  size  in  plan.  The  heavier  piers 
constructed  by  using  creosoted  piling  costs  ordinarily  from  70  to  80 
cents  per  square  foot,  while  those  of  the  heaviest  type,  such  as  are 
later  described  as  having  been  constructed  at  the  Puget  Sound  Navy 
Yard,  will  cost  approximately  $i,zo  per  square  foot. 

The  depreciation,  from  the  author's  data,  of  timber  piers  in  salt 
water,  where  neither  the  piling  nor  timber  are  creosoted,  must  be 
taken  at  not  less  than  12  to  15  per  cent,  per  annum,  and  where  the 
teredo  are  very  bad  this  will  easily  run  to  18  or  20  per  cent.  Where 
the  piles  are  creosoted  the  depreciation  will  be  about  8  to  10  per 
cent.,  and  when  in  addition  the  caps  and  joist  are  treated  the  depre- 
ciation may  be  reduced  to  under  5  per  cent. 

The  comparative  value  of  piers  on  creosoted  piles  and  of  rein- 
forced concrete  is  indicated  by  thfi  following  figures  from  San 
Francisco  tjpes,  although  the  loss  of  business  during  the  time  repairs 
are  in  progress  has  not  been  taken  into  account  and  this  would 
make  the  showing  for  reinforced  concrete  much  better. 

Assuming  the  cost  of  a  creosoted  pile  pier  at  |i  per  square  foot 
with  a  hfe  of  twelve  years,  and  that  of  a  reinforced  concrete  pier  at 
$3.25  per  square  foot  with  a  life  of  one  hundred  years,  the  comparative 
annual  charges  for  the  two  types  of  construction  are  approximately 
as  follows: 


Interest  at  4)  per  cent 

Maintenance  assumed 

Replacement,  i;;  years 

Sinking  fund,  75  years 

Insurance 

Total  per  square  foot 
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This  would  indicate  that  the  annual  cost  is  very  nearly  the  same 
for  the  two  classes,  although  in  the  author's  opinion  the  maintenance 
charge  for  the  creosoted  pile  pier  is  too  small  and  for  the  concrete 
pier  shghtly  large.  The  above  figures  are  taken  from  a  paper  by 
Jerome  Newman,  M.  Am.  Soc.  C.E.,  Chief  Engineer  Board  of  State 
Harbor  Commissioners,  San  Francisco. 

The  piers  constructed  in  1913  by  the  Port  of  Seattle,  of  which 
Gen.  H.  M.  Chittenden,  M.  Am.  Soc.  C.E.,  is  president,  and  Paul  P. 
Whitham  is  chief  engineer,  are  examples  of  the  moderately  heavy 
type  of  construction  on  creosoted  piling.  A  plan  of  two  of  these 
wharves  on  opposite  sides  of  a  common  slip  is  shown  in  Fig.  370, 
and  a  section  of  one  of  the  wharves  in  Fig.  371. 

The  improvements  under  way  will  cost  over  $6,000,000  and 
when  completed  there  will  have  been  invested  in  the  harbor  works 


Fig.  370. — PiEBS  AND  Sup,  Seattle. 

and  piers  in  Seattle  more  than  $20,000,000,  the  recent  work  having 
been  inaugurated  by  the  1908  Harbor  Commission,  of  which  the 
author  was  a  member. 

The  piling  are  creosoted,  and  spaced  from  4  to  5  feet  center  to 
center  in  each  bent,  with  the  bents  20  feet  apart.  The  piles  are  capped 
with  12X13  timber,  the  joist  are  4X14,  and  the  planking  af  inches 
finished  thickness.  The  stringers  under  the  railroad  tracks  are 
three  6X16  under  each  rail.  The  comer  framing  and  details  are 
as  shown  in  Fig.  372.  The  spacing  of  the  piles  in  each  bent  is  some- 
what closer,  and  the  spacing  of  the  bents  center  to  center  is  some- 
what wider  than  usual  for  this  type  of  pier,  the  ordinary  spacing 
being  about  8  or  10  feet  for  the  piles  in  each  bent,  with  the  bents 
from  8  to  12  feet  center  to  center,  which  would,  of  course,  require 
slightly  heavier  caps  and  lighter  joists  or  stringers  to  support  the 
same  load. 

The  piers  constructed  at  the  Puget  Sound  Navy  Yard  by  the 
author  are  practically  all  of  the  type  shown  in  Figs.  373,  374  and  375, 
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the  piles  being  spaced  8  feet  center 
to  center  in  both  directions.  The  piles 
for  these  wharves  are  usually  specified 
to  have  9-inch  tops,  and  not  less  than 
16-inch  butts,  and  to  have  either  14  or 
16  pounds  of  creosote  per  cubic  foot. 
The  caps  are  12X12,  the  joist  4X14, 
and  the  floor  planking  4  inches  thick. 
The  bracing  consists  of  diagonal  brace 
piles  transversely,  and  4X12  creosoted 
X-bracing  longitudinally,  where  such 
bracing  is  used.  All  of  the  fastenings 
for  the  Government  work  are  galvanized, 
and  of  the  sizes  and  lengths  shown  in 
the  illustrations.  The  bottom  at  this 
Navy  Yard  is  very  hard,  and  except  for 
a  few  feet  of  soft  gravel  on  top  is  mostly 
cemented  gravel,  so  that  sometimes  the 
piles  simply  sniped  off  to  a  rough  point 
with  an  axe  can  be  driven  to  a  depth 
of  2  or  3  feet  into  the  hard  stratum, 
but  very  often  cast  points  have  to  be 
employed  to  get  any  penetration  of 
value.  The  triangular  point  shown  in 
Fig.  57  is  one  recently  used  by  the 
author  on  some  of  this  work,  and  it  was 
very  satisfactory.  Where  the  piles  are 
over-driven,  they  broom  up  badly,  and 
take  on  the  appearance  of  the  piles 
shown  in  Fig.  54,  or  else  buckle  up  and 
sometimes  break  off.  This  has  resulted 
in  the  use  of  concrete  wharves  similar 
to  the  one  described  later  on  in  this 
chapter.  The  attempt  was  made  and 
carried  out  with  considerable  success  on 
one  of  the  pile  piers  constructed  at  the 
Navy  Yard  to  bore  a  hole  for  each  pile, 
and  the  pile  was  set  in  the  hole  and 
driven  to  the  penetration  required, 
which  was  10  feet.  This  method,  how- 
ever, proved  so  slow  and  prohibitive  in 
cost  that  it  has  been  abandoned. 
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Probably  the  finest  piers  in  the  United  States  are  those  constructed 
by  the  Department  of  Docks  in  New  York  City,  The  nine  new  piers 
comprising  the  Chelsea  improvement  are  partly  shown  in  Fig.  376. 
These  piers,  owing  to  the  fact  that  teredo  are  very  seldom  found  in 
the  Hudson  River,  are  built  with  untreated  piles  and  also  timber 
decks.  These  decks,  in  many  cases,  carry  a  pavement.  For  the 
nine  piers  above  mentioned  the  sheds  or  warehouses  are  of  two- 
story,  steel  and  fireproof   construction,  which  have  cost  approxi- 


Fic.  371.— Detail  op  Se.xttle  Pieu;. 

mately  6  cents  per  cubic  foot.  The  latest  type  of  docks  constructed 
in  New  York  have  had  a  reinforced  concrete  deck  employed.  Fig. 
377,  which  also  shows  the  details  of  construction.  The  cost  of  these 
piers  has  been  slightly  less  than  90  cents  per  square  foot  without 
the  asphalt  surfacing,  and  slightly  less  than  $1  per  square  foot  with 
asphalt  deck.  The  construction  is  described  in  detail  in  a  paper 
by  Charles  W.  Stanniford,  M.  Am.  Soc.  C.E.,  Chief  Engineer,  Depart- 
ment of  Docks,  New  York,  in  the  American  Society  Transactions 
for  May,  1913.    The  following  tabulation  gives  the  data  in  regard 
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to  the  repairs  required  on  the  old  type  of  wooden  deck  pier,  costing 
from  $1  to  $1.15  per  square  foot. 


Sheathing 

Backing  log 

Fender  chocks,  including  vertical 

sheathing 

Fender  piles 

Decking 

Bracing 

Rangers  and  ca|is 

PUes 


i.S 

4  7 

"3 
71 
24.4 
34.7 

Every  6  yean. 
Every  8  years. 

F.vcry  10  years. 

Every  ij  years. 
S0%  in  every  30  years. 
So'/c  in  every  10  years. 
331%  every  10  years.  • 

Abov 

M.L.W.  only. 

Fig-  373- — Creosoied  Pile  Pier,  Pucet  Soukd  Navy  Yard. 
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Concrete  Deck  Pier.— Cost  of  construction,  Thirty-first  Street 
Pier,  South  Brooklyn,  no  asphalt  surface,  $0.87  per  square  foot. 

Cost  of  construction,  Thirty-third  Street  Pier,  South  Brooklyn, 
with  asphalt  surface,  $0.97  per  square  feet. 

The  following  conclusions  are  drawn  from  the  experience  already 
had  with  these  piers: 

"  Economy  being  a  prime  factor  in  its  construction,  it  was  decided 
to  try  out  the  concrete  deck  surface  for  wear  and  tear  of  heavy  team 
traffic,  and  the  earlier  decks,  therefore,  were  finished  with  a  smooth 
mortar  surface  to  receive  this  traffic.     Two  years  of  experimenting 


f^c.  375.— Pier  at  Navy  Yard,  Corner  Detail. 

on  these  lines  determined  the  fact  that  though  the  concrete  surface 
was  admirably  adapted  to  light  traffic,  cargo  handling  by  hand  or 
motor  trucks,  etc.,  it  could  not  stand  the  concentration  of  heavy 
team  traffic  confined  within  narrow  lanes  located  generally  in  the 
center  of  the  pier.  The  grinding  and  turning  of  heavily  laden  trucks 
inside  these  narrow  lanes  or  zones  gradually  caused  surface  rupture 
of  the  top  coat  of  mortar.  It  was  decided,  therefore,  to  place  an 
asphalt  wearing  surface  on  the  deck,  and  this  has  proven  very  effective. 
"  The  piers  at  the  foot  of  Thirty-first  and  Thirty-third  Streets, 
South  Brooklyn,   have  been  in  service  for  about  three  years.     No 
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signs    of   cracking   or  other  imperfections  have  appeared,  and  the 
piers,  as  a  whole,  are  a  complete  success. 

"  For  the  modern  type  of  concrete  deck  pier,  the  cost  of  main- 
taining the  fender  system  is  about  the  same  as  that  for  the  wooden 
pier;  deck  sheathing  repairs  are  practically  eliminated,  except  such 
minor  asphalt  patching  as  may  be  required,  and  can  be  considered 
negligible  in  a  good  asphalt  deck  under  cover;  the  deck  plank  is 
eliminated;  the  life  of  the  ranger  and  cap  system  is  prolonged  by  the 
protection  from  moisture  given  by  the  impervious  concrete  deck, 
and  the  cost  of  maintenance  and  repairs,  therefore,  is  reduced  to  a 
minimum. 


Fig.  376.— Chelsea  Piers,  New  York  City. 

"  From  the  foregoing  it  will  be  observed  that  the  problem  which 
confronted  the  department  was  the  elimination  of  the  timber  deck 
and  deck-supporting  structure  of  the  wooden  pier,  by  the  substitu- 
tion therefor  of  some  permanent  form  of  construction  meeting 
the  following  requirements: 

"  (a)  Economy  in  cost  of  construction  and  maintenance,  the  unit 
cost  to  be  such  as  to  produce  or  make  possible  a  remunerative 
return  on  the  capital  invested. 
"  (6)  The  construction  to  be  of  such  character  as  to  be  readily 
extended,  reconstructed,  remodeled,  or,  if  necessary,  entirely 
removed,  as  more  intensive  development  of  the  area  occupied 
by  the  pier  or  system  of  piers  might  be  made  necessary  by  the 
growth  of  commerce  and  shipping. 
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"  From  what  has  been  stated  the  following  conclusions  may  be 
deduced : 

"  Firsl.  Admitting  that  timber  piles  and  foundation  work  are 
generally  permanent  below  the  mean  low-water  line  in  New  York 
Harbor,  the  Department  of  Docks  and  Ferries  has  met  the  require- 
ments of  the  problem  by  producing  piers  having  the  following 
characteristics: 

"  (a)  The  deck  is  absolutely  permanent; 

"  (i)  The  substructure,  above  mean  low  water,  is  easily  and 
cheaply  repaired  and  maintained; 

"  (c)  The  supporting  part,  below  the  water  line,  is  permanent; 
and 

"  (d)  The  resulting  structure  is  such  that  it  can  be  readily 
extended,  reconstructed,  or,  if  necessary,  entirely  removed 
at  a  cost  not  prohibitive,  as  would  be  the  case,  for  example, 
with  most  types  of  reinforced  concrete  deck-supporting 
structures, 

"Second.  That  the  department  has  produced  permanent  parts 
in  the  structures  where  these  are  essential.  No  attempt  was  made 
to  obtain  absolute  permanency  above  low  water,  in  the  structure 
supporting  the  deck,  for  the  reason  that, 

"  third.  This  portion  of  the  structure,  the  caps,  piles,  braces, 
etc.,  protected  as  they  are  from  saturation  by  urine  and  other 
objectionable  fluids  by  the  concrete  and  asphalt  deck  forming  a 
protecting  roof,  can  be  maintained  in  good  condition  at  a  very  low 
cost. 

"  Fourth.  The  type  of  structure  produced,  approximating  per- 
manency, is  now  being  built  by  the  Department  at  a  first  cost  no 
greater  than  that  of  the  former  type  of  wooden  pier  throughout, 
and  the  cost  of  repairs  and  maintenance  of  the  deck  structure  is 
almost  entirely  eliminated." 

The  author,  however,  cannot  agree  with  the  conclusions  that 
a  permanent  deck  should  be  placed  on  untreated  piling,  nor,  in  his 
estimation,  should  any  untreated  timber  be  employed  in  the  con- 
struction, but  all  piling  and  timber  be  creosoted  with  not  less  than 
12  pounds  per  cu.-ft.,  to  at  least  properly  protect  it  from  decay. 
Should  this  seem  to  be  out  of  the  question  on  account  of  the  cost, 
it  would  certainly  be  a  wise  precaution  to  apply  hot  carbolineum 
to  the  upper  ends  of  the  piling  and  to  all  of  the  timber  work.  It 
would  seem  possible,  however,  to  construct  at  least  that  portion 
of  the  piers  underneath  the  warehouses  with  concrete  piling,  as 
these  are  easily  made  and  handled  up  to  80  or  90  feet. 
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Some  molded,  corrugated  concrete  piles  80  feet  in  length,  Fig, 
378,  were  recently  used  by  the  author  in  the  design  and  construction 
of  a  pier  for  a  bascule  bridge.  These  piles  were  picked  up  with 
tackle  on  the  boom  of  a  clam-shell  dredge  by  lashing  timbers  to  them 
and  using  a  bridle  to  distribute  the  weight.  After  up-ending  them 
they  were  set  in  the  leads  of  the  pile-driver  and  readily  driven  with 
a  cushion  cap  and  by  Jetting.    The  experience  showed  that  in  large 


Fic.  378.— Driving  Concrete  Piles.    Dbedog  Placing  8o-ft.  Pile  in  Leads. 

quantities  about  four  piles  could  be  driven  per  day.  These  piles  had 
extra  reinforcing  throughout  the  center  half  of  the  piles  lengthwise 
to  take  care  of  the  bending  stresses  while  they  were  being  handled. 
Most  of  the  piles  were  allowed  to  set  thirty  days,  but  a  few  were 
driven  with  only  two  weeks  set,  by  lashing  on  extra  timbers  to  pick 
them  up.  A  reinforced  concrete  deck  was  built  on  the  piles  for  the 
bridge  seat. 
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The  socket  concrete  pile  (Fig,  379)  is  a  somewhat  new  departure, 
but  could  undoubtedly  be  used  in  a  great  many  cases  where  the 
bottom  is  soft,  and  the  piles  if  all  of  concrete  would  have  to  be 
long  and  very  expensive;  with  the  socket  piles  resting  on  wooden 


Rg.  37811, — Concrete  Piles  80  Feet,  Ready  to  Pour. 

piles  beneath  the  surface  of  the  mud,  the  construction  would  be 
greatly  facilitated,  and  the  cost  of  the  work  very  greatly  reduced. 
"  The  use  of  pre-cast  piles  for  permanent  construction  at  a 
reasonable  cost  is  an  ideal  type.  Every  pile  is  known  to  be  perfect 
and  cured  before  being  placed.     It  is  immune  from  decay,  fire,  or 
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marine-insect  attack,  and  will  carry  a  wood, 
steel,  or  reinforced-concrete  superstructure. 
It  has,  however,  one  very  serious  limitation, 
namely,  length.  On  account  of  its  weight 
and  small  cross-section,  it  is  difficult,  and 
after  certain  limits  impossible,  to  move  and 
raise  it  from  a  horizontal  to  a  vertical  posi- 
tion, and  so  has  only  been  used  in  shallow 
mud  and  water  as  in  bulkhead  construction. 
To  remedy  this  defect,  a  type  of  substructure 
construction  has  been  devised  with  all  the 
good  features  of  the  full-length  pre-cast  pile, 
without  its  limitations,  and  can  be  built  at 
much  less  cost.  This  has  been  patented  and 
is  called  the  socket- pile. 

"  The  pile,  as  shown,  is  of  reinforced 
concrete,  molded  on  the  ground  in  either 
steel  or  wooden  forms  prior  to  driving.  It  is 
fitted  on  the  end  with  a  socket  for  super- 
imposing upon  a  wooden-pile  foundation  or 
base,  as  shown.  The  dimensions  of  the  various 
sections  are  shown  in  the  following  report  on 
tests. 

"  By  this  method  is  obtained  a  solid  con- 
crete construction,  from  a  short  distance 
below  the  mud-line  upward,  or  in  all  sections 
which  arc  liable  to  decay,  to  attack  by  marine 
insects,  or  fire. 

"  As  the  wooden  pile  is  practically  ever- 
lasting below  the  mud,  this  gives  a  cheap 
and  easily  handled  type  of  construction, 
particularly  adapted  to  deep  mud  localities, 
where  the  extreme  length  of  concrete  piling 
of  the  ordinary  type  prohibits  its  use.  The 
|[^  cost  is  much  less   than   that   of   any   other 

possible  form  of  concrete  construction  and 
compares  favorably,  even  in  first  cost,  with 
temporary  creosoted  wood-pile  construction. 
When  the  repair  cost  of  the  two  types  is 
considered,  no  comparison  can  be  made.  (See 
previous  data.) 

"  The  soundings  are  first  made  in  the  mud 
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in  the  usual  manner,  and  the  length  of  wooden  pile  computed  so 
that  its  top,  when  fully  driven,  will  be  a  foot  or  two  below  the  mud- 
line.  It  is  then  driven  to  within  a  short  distance  of  the  water-line, 
and  at  a  point  near  where  the  bottom  of  the  socket  will  come,  a 
collar  is  placed  around  it  (burlap  has  proved  very  satisfactory). 
The  socket  pile  js  then  placed  over  the  wooden  one  and  held  up 
about  6  inches  while  all  the  space  in  the  socket  not  occupied  by 
wood  is  filled  with  grout  through  the  small  pipe  shown,  which  is 
then  capped  and  the  socket-pile  dropped  to  place,  forcing,  under 
great  pressure,  the  extra  grout  into  all  voids.  The  combined  pile 
is  then  driven  to  place.  That  this  joint,  after  setting,  has  more 
strength  than  any  other  section  of  the  pile  is  proved  in  the  tests.  On 
account  of  its  short  length,  it  is  easily  and  cheaply  handled. 

"  Any  type  of  superstructure  can  be  used,  and  even  for  wooden 
piers  this  method  of  construction  is  cheaper  and  more  efficient  than 
concrete-protected  wooden  piles." 

This  type  of  piling  is  the  invention  of  K.  D.  MacLean,  formerly 
Superintendent  of  Construction  and  Repair,  Board  of  State  Harbor 
Commissioners,  San  Francisco. 

The  piers  constructed  at  the  Puget  Sound  Navy  Yard  built  of 
concrete  have  consisted  generally  of  concrete  cylinders  filled  with 
concrete  after  sinking,  braced  together  with  galvanized  rods  sup- 
porting reinforced  beams  and  floor  slabs,  and  having  timber  fender 
piles.  The  latest  one  to  be  constructed,  480  feet  in  length,  with  a 
210-foot  creosoted-pile  approach  from  the  shore,  is  shown  in  detail  in 
Figs.  380,  381  and  382.  The  pier,  as  indicated  in  Fig.  380,  is  80  feet 
in  width  and  has  the  supporting  cylinders  in  bents  30  feet  center  to 
center,  and  the  cylinders  20  feet  center  to  center  transversely,  there 
being  four  to  each  bent  with  a  cantilever  extension  of  the  main  rein- 
forced concrete  girder  of  10  feet  on  each  side  and  at  the  outer  end. 
The  cylinders  resting  upon  thirteen  piles  cut  off  as  shown,  above  the 
dredged  bottom,  are  4  feet  in  diameter  (Fig.  381),  with  a  bell-sha[)ed 
base  covering  the  piles,  which  is  11  feet  in  diameter.  The  specifica- 
tions called  for  these  cylinders  to  be  cast  on  shore,  and  each  having  set 
for  thirty  days,  to  be  picked  up  with  a  floating  crane  and  set  in  place. 
After  being  cleaned  out,  they  were  to  be  filled  with  concrete  of  the 
proportions  of  about  1-3-5.  The  main  girder,  10  feet  in  depth 
and  fully  reinforced,  presented  a  harder  problem  in  its  construction. 
To  avoid  the  necessity  of  driving  false-work,  the  author  planned 
the  trussed  reinforcing,  Fi^.  382,  to  support  the  forms  and  the  weight 
of  the  concrete  during  construction,  and  before  the  concrete  would 
become  fully  self-supporting.     The  cylinders  were  to  be  constructed 
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Fig.  380. — Nav\  Concrete  Pieb,  Oenebal  Plan. 
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Fio.  381.— Navy  Concrete  Pieu,  Details.  ,-,  . 
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6  inches  thick;  the  flanges  of  the  main  girder  24  inches  thick,  the 
webs  12  inches  thick,  and  the  steel  stringers  buried  in  concrete  about 
14  inches  thick.  The  floor  slab,  8|  inches  thick,  is  reinforced  with 
^-inch  round  rods  8  inches  center  to  center  in  both  directions.  The 
estimate  of  cost  of  this  pier  is  given  m  Chapter  XXXIII,  and  shows 
the  cost  of  this  type  of  pier  to  be'  practically  $4  per  square  foot. 
The  guard  timbers  and  fender  piling  are  of  timber  as  shown.  The 
following  clauses  from  the  specifications  are  reproduced  as  being 
worthy  of  study  in  the  construction  of  similar  piers: 

"  Proporlicms .  Concrete  shall  be  proportioned  according  to 
'  Method  B  '  of  Specification  59C2.  Reinforced  concrete  in  cylinder 
shells,  beams,  joists,  floor  slabs,  and  covering  for  plate  girders  shall 
be  '  Class  B  '  as  described  in  the  above  specification.  Concrete 
filling  for  cylinders  shall  be  '  Class  A,'  as  described  in  the  specifica- 
tion.   {Appendix  IX.) 

"  Proportions  of  concrete  under  Method  B,  which  is  to  be  used  only 
when  specially  required  by  the  specifications  for  the  work,  shall  be 
as  follows: 

"  Class  A.  One  part  cement  {allowing  100  pounds  to  the  cubic 
foot)  to  six  and  one-half  parts  by  volume  of  broken  stone  combined 
with  a  variable  proportion  of  sand. 

"Class  B.  One  part  cement  {allowing  100  pounds  to  the  cubic 
foot)  to  four  and  one-fourth  parts  by  volume  of  broken  stone  com- 
bined with  a  variable  proportion  of  sand. 

"  Concrete  Sfiells.  The  reinforced  concrete  shells  shall  be  cast  in 
substantial,  tight  forms,  held  true  to  line  and  surface.  Reinforcing 
bars  shall  be  accurately  placed  and  positively  ^cured  so  as  to  hold 
their  position  while  concrete  is  being  placed.  Special  care  shall  be 
taken  to  prevent  voids  in  the  concrete,  and  the  surface  shall  be  con- 
tinuous, without  breaks  or  pockets.  Any  defects  of  this  character 
found  upon  the  removal  of  forms  shall  be  eliminated  by  the  use  of 
cement  mortar  worked  in  with  a  wooden  float. 

"  Placing  Shells.  After  being  allowed  to  set  at  least  thirty  days, 
concrete  shells  shall  be  lowered  in  position  by  crane,  and  base  sunk 
to  elevations  shown.  Where  cyhnders  are  not  supported  by  piles, 
should  the  bearing  at  the  elevation  shown  on  the  plans  be  considered 
insufficient  by  the  officer  in  charge,  additional  compensation  will 
be  allowed  for  any  additional  depths  required,  determined  as  pro- 
vided under  '  Changes '  in  the  general  provisions.  After  the  con- 
crete shell  has  been  set  and  secured  in  position,  all  mud  or  other 
loose  material  inside  the  shell  shall  be  removed  to  the  level  of  the 
bottom  of  the  shell  by  centrifugal  pump  or  otherwise.    The  bottom 
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shall  then  be  sealed  by  a  layer  of  concrete  about  2  feet  thick,  deposited 
by  means  of  a  tremie  tir  bottom-dumping  bucket.  After  the  con- 
crete seal  has  set,  the  shell  shall  be  pumped  out,  the  reinforcing 
rods  placed,  and  then  filled  with  concrete  deposited  in  such  a  manner 
as  to  prevent  segregation  of  its  component  materials. 

"  Concrete  and  Steel  Superstructure.  The  superstructure,  consist- 
ing of  reinforced-concrete  caps,  steel  girders,  and  reinforced-concrete 
beams,  supporting  a  reinforced-concrete  floor  slab,  shall  be  constructed 
as  shown  on  plans.  Concrete  for  each  member  below  higb-water 
level  shall  be  completely  placed  in  the  dry  and  between  two  succes- 
sive high  tides.    The  floor  slabs  shall  be  cast  in  panels  the  full  width 


Fic.  383. — Baltimore  Solid  Jetty  Pier. 

of  the  pier  and  in  lo-foot  lengths.  Drain  holes  shall  be  left  along 
the  rails  at  inter\'als  of  10  feet.  The  floor  slab  shall  be  finished  by 
rough  troweling  with  a  wooden  float  after  having  been  struck  to 
surface  with  a  straightedge,  and  all  large  stones  depressed  below 
the  surface.  The  edges  of  the  lo-foot  panels  shall  be  neatly  rounded 
with  an  edging  tool. 

"  Plate  Girders.  Plate  girders  shall  be  placed  and  fastened  as 
shown.  There  shall  be  placed  between  the  ends  of  girders  a  i-inch 
plank  of  soft  wood  and  the  girders  then  bolted  firmly  together. 
Three-eighth-inch  round  rods  shall  be  fastened  around  all  plate 
girders  at  intervals  of  15  inches  to  hold  its  protective  coating  of  con- 
crete in  place." 

The   piers  (Fig.  383)  constructed    by    the    City   of    Baltimore 
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under  Oscar  F.  Lackey,  M.  Am.  Soc.  C.K.,  Chief  Engineer  of  the 
Department  of  Ducks,  are  constructed  of  the  solid  jetty  type,  with  the 
slips  dredged  to  24  feet  alongside.  The  outside  walls  of  these  jetties 
ai-e  constructed  by  first  sinking  oblong  cylinders  (Figs.  384  and  385) 
25  feet  apart  center  to  center  down  to  the  depth  shown.  (Fig.  386.) 
They  are  3  feet  wide  by  10  feet  long,  with  rounded  ends,  and  are 
connected  together  by  horizontal  plate  girders  as  shown  in  section, 


Fio.  383.— Baltimore  Jettv  Pier  Construction, 

these  girders  being  30  inches  in  depth,  and  afterwards  buried  in  con- 
crete. Back  of  these  are  driven  12-inch  reinforccd-concrete  sheet- 
piling  as  per  the  detail  shown  in  Fig.  387.  The  cylinders  are 
anchored  back  to  reinforced-concrete  anchors  as  shown,  or  in  some 
cases,  by  anchors  extending  across  the  pier  (Fig.  388)  from  side  to 
side,  tying  the  opposite  cylinders  together.  After  sinking  the  cylin- 
ders, filling  them  with  concrete,  anchoring  them  back,  placing  the 
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horizontal  girders  and  the  sheet-piling,  the  space  inside  the  sheet- 
pihng  is  filled  with  earth  and  pavement  laid  at  the  elevation  shown, 
and  the  sheds  or  warehouses  erected  as  is  usual  for  any  structure 
upon  dry  land. 


dii 


Fic.  38;,— BALnMoRE  Concrete  Sueet  Pile. 

This  type  of  pier  is  very  expensive  to  construct  and  is  not  sus- 
ceptible to  later  changes  either  in  the  pier  itself  or  in  the  deepening 
of  the  slips  alongside  to  any  considerable  extent,  unless,  of  course, 
the  construction  has  been  made  heavier,  and  the  cylinders  and  sheet- 


Balumose  Jetty  Pieb  Plan. 


piling  sunk  and  driven  to  greater  depth   to  provide  for  such  con- 
tingencies. 

The  type  of  construction  as  planned  for  the  South  Brooklyn  piers 
in  New  York  Harbor  (Fig.  jSg)  is  an  example  of  a  solid  or  semi- 
jetty  type,  but  is  such  as  to  lend  itself  readily  to  changes  in  the  timber 
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construction,  and  in  the  deepening  of  the  slips  should  this  ever  be 
required,  which  is  not  likely,  as  the  depth  provided  for  is  40  feet  at 
low  tide. 

The  concrete  seawalls  supporting  the  steel  columns  of  the  shed 
are  73  feet  6  inches  center  to  center,  and  are  supported  upon  wedge- 
shaped  mounds  of  riprap  rock.  Between  this  riprap  and  the  sea- 
walls, the  filling  is  of  selected  dredged  material  on  top  ■  of  which 
pavement  is  laid.  To  prevent  spreading,  tie-rods  are  introduced 
between  the  seawalls  as  shown.  Previous  to  the  placing  of  the 
riprap,  the  crcosoted-piles  are  driven  to  support  the  reinforced- 
concrete  deck  under  the  cantilevers  of  the  shed.  Careful  study  of 
this  type  of  construction  leads  to  the  conclusion  that  it  is  much  the 
best  of  any  of  the  permanent  forms  that  have  been  described  in  this 
chapter.  The  many  details  and  accessories  of  pier  construction 
will  not  be  taken  up  further  than  what  has  been  illustrated  In  de- 
scribing the  sub-structures  of  the  various  types  of  piers.  The  esti- 
mated costs  of  many  of  the  various  types  t)t  piers  described  In  the 
foregoing  pages  will  be  found  in  Chapters  XXXII  and  XXXIII. 
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CHAPTER   XXVIII 

TIMBER    PIERS  .AND  TIMBER    PRESERVATION 

The  construction  of  piers  of  piling  and  sawed  timber  is  quite 
common  throughout  the  Western  States,  and,  owing  to  the  cheap- 
ness with  which  they  can  be  built,  it  is  often  possible  to  construct 
a  bridge  where,  if  permanent  foundations  had  to  be  put  in,  the 
expense  would  be  so  great  as  to  be  prohibitive.  Where  the  piles 
are  driven  in  the  ground  outside  the  water-line  they  will  last  from 
five  to  seven  years,  and  where  they  are  driven  in  fresh  water  they 
will  last  for  a  considerably  longer  period  except  that  the  tops  of  the 
piles  will  very  often  rot  out,  have  to  be  cut  off,  and  have  blocking 
substituted.  Cedar  piles  will  last  much  longer  and  will  not  rot  so 
quickly  at  the  tops.  Where  such  piers  are  to  be  constructed  in  salt 
water  the  piling  should  be  protected  from  the  teredo  by  some  process 
or  other,  preferably  by  creosoting,  as  that  will  insure  against  both 
rotting  and  the  teredo.  It  is  also  advisable  in  piers  constructed  on 
land,  or  in  fresh  water,  to  protect  the  piles  in  some  way,  either  by 
creosoting  or  by  .coating  them  with  hot  carbolineum  avenarius.  The 
abutment  pier  shown  in  Figs,  390  and  391  was  constructed  on  the 
line  of  the  Puget  Sound  Electric  Railway  between  Seattle  and  Tacoma, 
as  the  end  pier  to  a  20o-foot  draw  span,  the  bridge  and  foundations 
being  constructed  from  plans  prepared  by  the  author.  The  bridge 
seats  come  directly  over  two  piles,  and  these  are  closely  flanked  by 
two  additional  piles  on  each  side,  spaced  a  feet  6  inches  from  the 
center  line  of  the  trusses  each  way,  while  four  additional  piles  are 
driven  in  the  center  of  the  pier.  The  piles  are  capped  crosswise 
with  short  12"  X 1-2"  caps,  and  on  these  are  laid  the  longitudinal 
i2"Xi2"  caps  which  carry  the  bridge  seats.  The  piles  are  braced 
with  4"  X 1 2"  diagonal  braces  boat-spiked  to  the  piles  at  each  inter- 
section. The  same  method  of  construction  is  used  for  the  wings, 
■  and  the  whole  face  of  the  pier  and  wings  is  planked  up  with  3"  X 1 2" 
planking  spiked  on,  with  two  8-inch  boat -spikes  in  each  plank  at  each 
pile.     The  piling  was  of  Washington  fir  with  the  bark  peeled  off  and 
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treated  with  hot  carbolineiim 
avenarius.  These  piles  were 
driven  to  a  firm  bearing. 

The  timber  was  No.  i 
merchantable  Washington  fir, 
free  from  sap,  wind-shake,  pitch 
seams  or  other  imperfections 
that  might  impair  Its  strength 
and  durability.  In  addition  to 
the  planking  on  the  face  of  the 
pier,  to  protect  it,  five-pile 
dolphins  were  driven,  as  shown, 
10  feet  from  the  center  of  the 
end  piles  of  the  pier  proper, 
and  wrapped  together  with  wire 
cables.  Carefully  constructed 
as  these  piers  were,  it  is  believed 
that  their  life  will  be  from  ten 
to  twelve  years  at  the  least 
calculation.  The  piers,  as  well 
as  the  bridges,  were  calculated 
to  carry  train-loads  consisting 
of  Cooper's  E-27  Loading.  The 
cost  of  the  piling  was  seven 
cents  per  lineal  foot  delivered 
at  the  bridge  site,  to  which 
should  be  added  the  cost  of 
coating,  while  the  cost  of  the 
timber  was  $12  dehvered  at  the 
bridge  site.  The  cost  of  driving 
the  piles  was  approximately  $4 
each  for  driving  and  cutting  off, 
and  the  cost  of  placing  the 
timber  was  approximately  $4 
per  thousand  feet  board  meas- 
ure. Another  pier  on  the  same 
road  is  shown  in  Fig.  394. 

In  the  construction  of  the 
Raging  River  bridge  and 
trestle,  on  the  line  of  the 
Northern  Pacific  Railroad,  be- 
tween Seattle  and  Snoquahnie 
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Falls,  it  was  necessary  to  cross  the  stream  with  a  Howe  truss  span 
supported  on  timber  towers  or  piers,  a  detail  of  which  is  shown  in 
Fig.  392.  The  original  trestle  and  bridge  was  left  standing  about 
thirteen  years,  or  about  three  years  longer  than  the  life  of  the  timber, 
and  fell  down  during  the  passage  of  a  log  train.  The  fall  was  caused 
primarily  by  some  logs  falhng  off  of  the  train  and  knocking  out  some 
of  the  batter  posts  of  the  trestle,  after  which  the  entire  trestle  col- 


Fic.  391. — Racing  River  Bridge  Pier,  Snoqualmie  Falls  Line. 

lapsed,  although  it  had  outlived  its  usefulness  owing  to  the  age  of 
the  timber.  This  occurred  pre\'ious  to  the  acquisition  of  the  road 
by  the  Northern  Pacific  Railway  Company,  The  trestle  (Fig.  393) 
was  reconstructed  by  the  author  in  approximately  thirty  days'  working 
time  from  the  starting  of  the  work  until  the  passage  of  trains,  although 
the  actual  time  of  the  entire  completion  of  the  work  covered  a  period 
of  between  six  and  seven  weeks.     All  of  the  timber  was  still  standing 
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in  the  forests  when  the  contract  was  taken,  and  right  of  way  was  given 
the  log  trains  canning  this  timber  over  the  road,  so  that  it  was  turned 
out  with  great  rapidity,  and  the  8oo,ocxj  feet  B.M.  of  timber  that 
was  used  for  the  trestle  and  bridge  was  landed  at  the  bridge  site  in  a 
remarkably  short  space  of  time.  The  piers  were  carefully  framed 
before  erection  was  started  on  them,  by  laying  them  out  on  the 
ground  and  framing  the  work  complete  down  to  the  boring  of  the 
bolt  holes.  The  plumb  posts  were  braced  together  transversely  with 
Howe  truss  bracing,  consisting  of  timber  diagonals  formed  of  two 
6"X8"  sticks  in  one  direction  and  one  stick  8"Xio"  in  the  other 


Fio.  394.— Piers  op  Geobgeiown  Bridge. 

direction.  The  batter  posts  were  braced  to  the  plumb  posts  with 
5"Xi2"  and  6"Xi2"  girts,  and  s"Xi2"  diagonal  braces.  The 
plumb  posts  and  batter  posts  were  each  formed  of  two  9"Xi4" 
sticks  packed  together.  Additional  batter  posts  9"Xi2"  ran  to 
longitudinal  girts  at  half  the  height  of  the  pier.  The  truss-rods  of 
the  Howe  truss  bracing  varied  from  i  inch  to  ij  inches  in  size, 
while  most  of  the  bolts  used  for  fastening  the  work  together  were 
I  inch.  The  tower  rested*  upon  io"Xi4"  mud-sills  and  g"Xi6" 
main-sills  with  caps  of  the  same  size.  The  ends  of  all  timbers  were 
white-leaded,  but  none  of  it  was  painted  or  treated  in  any  way. 
Such  a  pier  as  this  should  be  good  for  from  eight  to  ten  years'  ser- 
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vice  for  ordinary  railroad  traffic,  althougli  new  work  of  this  character, 
on  even  the  Western  railroads,  at  the  present  time  is  easily  con- 
structed of  steel. 

The  designing  of  timber  trestles,  which  would  cover  piers  of 
the  character  under  discussion,  is  most  fully  treated  in  Bulletin  No. 
12  of  the  U.  S.  Department  of  Agriculture,  Timber  Physics  Series, 
the  title  of  the  Bulletin  being  "  Economical  Designing  of  Timber 
Trestle  Bridges."     The  treatise  is  the  work  of  A.  L.  Johnson,  C.E. 

The  strength  of  the  bridge  and  trestle  timbers  has  -been  fully 
treated  in  a  report  by  a  committee  of  the  American  International 
Association  of  Railway  Superintendents  of  Bridges  and  Buildings 
on  the  "  Strength  of  Bridge  and  Trestle  Timbers:" 

"  The  test  data  at  hand  and  the  summary  of  criticisms  of  leading 
authorities  seem  to  indicate  the  general  correctness  of  the  following 
conclusions: 

"  (i)  Of  all  structural  materials  used  for  bridges  and  trestles, 
timber  is  the  most  variable  as  to  the  properties  and  strength  of  the 
different  pieces  classed  as  belonging  to  the  same  species;  hence  it 
is  impossible  to  establish  close  and  reliable  limits  for  each  species. 

"  (2)  The  various  names  applied  to  one  and  the  same  species 
in  different  parts  of  the  country  lead  to  great  confusion  in  classifying 
or  applying  results  of  tests. 

"  (3)  Variations  in  strength  are  generally  directly  proportional 
to  the  density  or  weight  of  timber, 

"  (4)  As  a  rule,  a  reduction  of  moisture  is  accompanied  by  an 
increase  in  strength;  in  other  words,  seasoned  lumber  is  stronger 
than  green  lumber. 

"  (5)  Structures  should  be,  in  general,  designed  for  the  strength 
of  green  or  moderately  seasoned  lumber  of  average  quality  and  not 
for  a  high  grade  of  well-seasoned  material. 

"  (6)  Age  and  use  do  not  destroy  the  strength  of  timber  unless 
decay  or  season  checking  takes  place. 

"  (7)  Timber,  unlike  materials  of  a  more  homogeneous  nature, 
as  iron  and  steel,  has  no  well-defined  limit  of  elasticity.  As  a  rule, 
it  can  be  strained  very  near  to  the  breaking  point  without  serious 
injury,  which  accounts  for  the  continuous  use  of  many  timber 
structures  with  the  material  strained  far  beyond  the  usually  accepted 
safe  limits.  On  the  other  hand,  sudden  and  frequently  inexplicable 
failures  of  individual  sticks  at  very  low  limits  are  liable  to  occur. 

"  (8)  Knots,  even  when  sound  and  tight,  are  one  of  the  most 
objectionable  features  of  timber,  both  for  beams  and  struts.  The 
full-size  tests  of  every  experimenter  have  demonstrated  not  only 
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that  beams  break  at  knots,  but  that  invariably  timber  struts  will 
fail  at  a  knot  or  owing  to  the  proximity  of  a  knot,  by  reducing  the 
effective  area  of  the  stick  and  causing  curly  and  cross-grained  fibers, 
thus  exploding  the  old  practical  view  that  sound  and  tight  knots  are 
not  detrimental  to  timber  in  compression. 

"  (9)  Excepting  in'  top  logs  of  a  tree  or  very  small  and  young 
timber,  the  heart-wood  is,  as  a  rule,  not  as  strong  as  the  material 
farther  av;ay  from  the  heart.  This  becomes  more  generally  apparent, 
in  practice,  in  large  sticks  with  considerable  heartwood  cut  from  old 
trees  in  which  the  heart  has  begun  to  decay  or  been  wind-shaken. 
Beams  cut  from  such  material  frequently  season  check  along  middle 
of  beam  and  fail  by  longitudinal  shearing. 

"  (10)  Top  logs  are  not  as  strong  as  butt  logs,  provided  the 
latter  have  sound  timber. 

"  (11)  The  results  of  compression  tests  are  more  uniform  and 
vary  less  for  one  sjiecies  of  timber  than  any  other  kind  of  test; 
hence,  if  only  one  kind  of  test  can  be  made,  it  would  seem  that  a 
compressive  test  will  furnish  the  most  reliable  comparative  results. 

"  (12)  Long  timber  columns  generally  fail  by  lateral  deflec- 
tion or  '  buckling '  when  the  length  exceeds  the  least  cross-sectional 
dimension  of  the  stick  by  20;  in  other  words,  when  the  column 
is  longer  than  20  diameters.  In  practice  the  unit  stress  for  all 
columns  over  15  diameters  should  be  reduced  in  accordance  with 
the  various  rules  and  formula  established  for  long  columns. 

"  {13)  Uneven  end  bearings  and  eccentric  loading  of  columns 
produce  more  serious  disturbances  than  are  usually  assumed. 

"  (14)  The  tests  of  full-size  long  compound  columns,  com- 
posed of  several  sticks  bolted  and  fastened  together  at  intervals, 
show  essentially  the  same  ultimate  unit  resistance  for  the  compound 
column  as  each  component  stick  would  have  if  considered  as  a 
column  by  itself. 

"  (15)  More  attention  should  be  given  in  practice  to  the  proper 
proportioning  of  bearing  areas;  other  in  words,  the  compressive 
bearing  resistance  of  timber  with  and  across  grain,  especially  the 
latter,  owing  to  the  tendency  of  an  excessive  crushing  stress  across 
grain  to  indent  the  timber,  thereby  destroying  the  fiber  and  increas- 
ing the  liability  to  speedy  decay,  especially  when  exposed  to  the 
weather  and  the  continual  working  produced  by  moving  loads. 

"  The  aim  of  j-our  committee  has  been  to  examine  the  conflict- 
ing test  data  at  haml,  attributing  the  proper  degree  of  importance 
to  the  various  results  and  recommendations,  and  then  to  establish 
a  set  of  units  that  can  be  accepted  as  fair  average  values,  as  far  as 
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known  to-day,  for  the  ordinary  quality  of  each  species  of  timber 
and  corresponding  to  the  usual  conditions  and  sizes  of  timbers  encoun- 
tered in  practice.  The  difhculties  of  executing  such  a  task  success- 
fully cannot  be  overrated,  owing  to  the  meagerness  and  frequently 
the  indefiniteness  of  the  available  test  data,  and  especially  the  great 
range  of  physical  properties  in  different  sticks  of  the  same  general 
species,  not  only  due  to  the  locality  where  it  is  grown.  b\it  also  to  the 
condition  of  the  timber  as  regards  the  percentage  of  moisture,  degree 
of  seasoning,  physical  characteristics,  grain,  texture,  proportion  of 
hard  and  soft  fibers,  presence  of  knots,  etc.,  all  of  which  affect  the 
question  of  strength. 

"  Your  committee  recommends,  upon  the  basis  of  the  test  data 
at  hand  at  the  present  time,  the  average  units  for  the  ultimate  break- 
ing stresses  of  the  principal  timbers  used  in  bridge  and  trestle  con- 
structions shown  in  the  accompanying  table. 

"  In  addition  to  the  units  given  in  the  table,  attention  should 
be  called  to  the  latest  formulie  for  long  timber  columns,  mentioned 
more  particularly  in  the  appendix  to  this  report,  which  formulje 
are  based  upon  the  results  of  the  more  recent  full-size  timber- 
column  tests,  and  hence  should  be  considered  more  valuable  than 
the  older  formula;  derived  from  a  limited  number  of  small-size  tests. 
These  new  formula;  are  Professor  Burr's,  Appendix  I;  Professor 
Ely's,  Appendix  J;  Professor  Stanwood's,  Appendix  K;  and  A.  L. 
Johnson's,  Appendix  V;  while  C.  Shaler  Smith's  formulas  will  be 
better  understood  after  examining  the  explanatory  notes  contained 
in  Apjjendix  L.     (The  formula  recommended  for  use  by  the  author 

is  nearly  that  of  Professor  Burr,  or  ^  =  6000—70-,  in  which  p  = 

ultimate  strength  per  square  inch,  /  =  length  of  column  in  inches, 
and  d  =  the  least  dimension  of  the  column  in  inches.  This  is 
for    Washington    fir    or    similar    timber,    between    the     limits     of 

20  -r  and  60  7. 1 

a  d  / 

"  Attention  should  be  called  to  the  necessity  of  examining  the 
resistance  of  a  beam  to  longitudinal  shearing  along  the  neutral  axis, 
as  beams  under  transverse  loading  frequently  fail  by  longitudinal 
shearing  in  the  place  of  transverse  rupture. 

"  In  addition  to  the  ultimate  breaking  unit  stress  the  designer 
of  a  timber  structure  has  to  establish  the  safe  allowable  unit  stress 
for  the  species  of  timber  to  be  used.  This  will  vary  for  each  particular 
class  of  structures  an<l  individual  conditions.  The  selection  of  the 
proper '  factor  of  safety  '  is  largely  a  question  of  personal  judgment 
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and  experience,  and  offers  the  best  opportunity  for  the  display  of 
analytical  and  practical  ability  on  the  part  of  'the  designer.  It  is 
difficult  to  give  specific  rules.  The  following  are  some  of  the  con- 
trolling questions  to  be  considered : 

"  The  class  of  structure,  whether  temporary  or  permanent,  and  the 
nature  of  the  loading,  whether  dead  or  live.  If  live,  then  whether 
the  application  of  the  load  is  accompanied  by  severe  dynamic  shocks 
and  pounding  of  the  structure;  whether  the  assumed  loading  for 
calculation  is  the  absolute  maximum,  rarely  to  be  applied  in  practice, 
or  a  possibility  that  may  frequently  take  place.  Prolonged  heavy, 
steady  loading,  and  also  alternate  tensile  and  compressive  stresses 
in  the  same  place,  will  call  for  lower  averages.  Information  as  to 
whether  the  assumed  breaking  stresses  are  based  on  full-size  or  small- 
size  tests  or  only  on  interpolated  values,  averaged  from  tests  of  similar 
species  of  timber,  is  valuable  in  order  to  attribute  the  proper  degree 
of  importance  to  recommended  average  values.  The  class  of  timber 
to  be  used  and  its  condition  and  quality.  Finally,  the  particular 
kind  of  strain  the  stick  is  to  be  subjected  to  and  its  position  in  the 
structure  with  regard  to  its  importance  and  the  possible  damage  that 
might  be  caused  by  its  failure. 

"  In  order  to  present  something  deffnite  on  this  subject,  your 
committee  presents  the  accompanying  table,  showing  the  average 
safe  allowable  working  unit  stresses  for  the  principal  bridge  and 
trestle  timbers,  prepared  to  meet  the  average  conditions  existing 
in  railroad  timber  structures,  the  units  being  based  upon  the  ultimate 
breaking  unit  stresses  recommended  by  your  committee  and  the 
following  factors  of  safety,  viz.; 

Tension  with  and  across  grain lO 

Compression  with  grain 5 

Compression  across  grain 4 

Transverse  rupture,  extreme  fiber  stress 6 

Transverse  rupture,  modulus  of  elasticity 2 

Shearing  with  and  across  grain 4 

"  In  conclusion,  your  committee  desires  to  emphasize  the  impor- 
tance and  great  value  to  the  railroad  companies  of  the  country 
of  the  experimental  work  on  the  strength  of  American  timbers 
being  conducted  by  the  Forestry  Division  of  the  United  States 
Department  of  Agriculture,  and  to  suggest  that  the  American 
Association  of  Railway  Superintendents  of  Bridges  and  Buildings 
indorse  this  view  by  official  action  and  lend  its  aid  in  every  way 
possible   to  encourage   the  vigorous  continuance  of   this   series  (rf 
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Government  tests,  which  bids  fair  to  become  the  most  reliable  and 
useful  work  on  the  subject  of  strength  of  American  timbers  ever 
undertaken.  With  additional  and  reliable  information  on  this  sub- 
ject far-reaching  economies  in  the  designing  of  timber  structures  can 
be  introduced,  resulting  not  only  in  a  great  pecuniary  saving  to  the 
raih:oad  companies,  but  also  offering  a  partial  check  to  the  enormous 


Fio.  353-— Tensile  Test,  Douglas  Fik. 

consumption  of  timber  and  the  gradual  diminution  of  our  structural 
timber  supply." 

A  very  complete  series  of  tests  were  made  by  Frank  W.  Hibbs, 
Naval  Constructor,  U.  S.  N.,  at  the  Paget  Sound  Navy  Yard,  on 
the  "  Comparative  Tests  of  Yellow  Pine  and  Puget  Sound  Fir." 
This  is  fully  published  in  a  paper  of  the  Pacific  Northwest  Society 
of  Engineers,  to  which  the  reader  is  referred,  as  it  is  impossible  to 
quote  even  results  here.    Fig.  395  shows  the  method  used  for  making 
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the  tensile  tests,  and  Fig.  396  the  method  used  for  making  the  trans- 
verse tests.     The  conclusions  drawn  from  these  tests  were  as  follows: 

ist.  Strength.  Douglas  fir  is  generally  equal  to  yellow  pine, 
and  superior  to  it  in  some  essential  particulars. 

ad.  Elasticity,  Douglas  fir  is  decidedly  more  elastic  than 
yellow  pine. 


Fio.  39(1.— Trans VERSK  Test,  Douglas  Fir. 

3d.  Toughness.  Douglas  fir  is  far  superior  to  yellow  pine  as 
regards  toughness. 

4th.  Wearing  qualities.  Yellow  pine  is  superior  to  Douglas  fir, 
especially  when  moisture  is  present. 

5th,  Lasting  qualities.  Yellow  pine  is  superior  to  Douglas  fir, 
on  account  of  the  greater  amount  of  pitch  that  it  contains. 

6th.  Weight.  Douglas  fir  is  14  per  cent,  lighter  than  yellow 
pine. 
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The  main  reason  why  timber  is  not  used  in  many  cases  is  on 
account  of  its  short  life.  Upon  exposure  to  the  elements  it  decays 
quite  rapidly,  lasting  on  the  average  about  ten  years  in  structures, 
and  when  used  for  railroad  tics  only  about  seven  years.  If  the  surface 
is  protected  from  the  rain  by  painting,  this  closes  up  the  pores  and 
causes  heart  rot  from  the  moisture  that  is  retained  inside  the  stick 
of  timber.    For  this  reason  paint  should  seldom  be  used  upon  a 


Fig.  397.— Section  of  Tebedo-eaten  Tight  Bark  Pile. 

timber  structure  of  any  kind.  Where  timber  is  placed  in  salt  water 
it  is  destroyed  from  other  and  quite  different  causes.  The  marine 
animals  which  are  most  destructive  are  the  limnora,  v/hich  eats  off 
the  surface  of  the  timber  near  the  water  line,  and  the  teredo,  which 
eats  out  the  interior.  Untreated  peeled  piling  driven  in  salt  water 
become  so  badly  eaten  by  the  teredo  in  two  or  three  months  as  to 
break  off  under  almost  no  load  at  all,  if  this  load  be  applied  trans- 
versely.    The  view.  Fig.  397,  is  of  a  section  of  piling  which  was  eaten 
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off  in  less  than  two  years,  it  having  been  driven  with  the  bark  on. 
The  bark  is  a  good  protection,  and  some  of  the  methods  of  protecting 
piling  against  the  teredo  are  based  upon  the  plan  of  providing  piles 
with  an  artificial  bark  formed  of  burlap,  treated  with  asphaltiim  and 
wrapped  about  the  piles  with  wires.  The  best  protection,  however, 
is  creosoting,  or  the  impregnating  of  piling  or  timber  with  creosote 
or  the  dead  oil  of  coal  tar. 

The  amount  of  creosote  used  varies  from  lo  to  20  pounds  per 
cubic  foot,  from  12  to  16  pounds  being  the  ordinary  amount  specified. 
For  the  preservation  of  timber  simply  against  rot,  10  or  12  pounds 
is  sufficient,  while  many  engineers  think  it  necessary  to  use  from 
16  to  20  pounds  for  protection  against  the  teredo.  Soft  timber  takes 
creosote  readily,  but  some  of  the  harder  kinds,  or  those  with  hard 
fibers,  will  not  take  up  the  creosote  so  easily,  so  that  it  would  seem 
advisable  to  specify  the  amount  of  penetration  the  creosote  should 
have  from  the  surface  of  the  wood  inwards  instead  of  specifying  the 
amount  per  cubic  foot. 

A  penetration  of  five-eighths  of  an  inch  forms  a  satisfactory 
protection  against  the  teredo. 

As  the  other  methods  of  preserving  timber  are  less  used,  they 
will  only  be  mentioned,  and  in  case  the  engineer  should  find  a  plant 
available  for  preserving  timber  by  one  of  the  other  methods  its 
processes  can  readily  be  compared  with  those  of  creosoting.  These 
methods  are  Kyanizing,  or  bichloride  of  mercury  process;  Bumettiz- 
ing,  or  zinc  chloride  process;  and  Margaryizing,  or  sulphate  of  copper 
process.  None  of  these,  however,  is  so  good  as  creosoting,  inasmuch 
as  the  preserving  material  dissolves  out  of  the  timber  and  leaves 
it  to  decay.  This  feature  is  very  stroncly  brought  out  in  some 
experiments  that  have  been  made  with  Egj-ptian  mummies,  as  when 
all  of  the  embalming  material  has  been  extracted,  the  mummies  at 
once  decay  rapidly. 

Creosoting  plants  are  found  in  almost  every  section  of  the  countr\% 
and  a  description  of  the  methods  followed  at  any  one  of  these  works 
practically  covers  the  methods  employed  at  others. 

The  description  given  by  the  Norfolk  Crccscting  Company  is 
quoted  here  in  full: 

"  The  preservation  of  timber  by  the  dead  oil  of  coal-tar  process, 
as  carried  on  by  all  well-equipped  creosoting  plants,  consists  of  two 
distinct  operations — the  preparation  of  the  wood,  and  its  impregna- 
tion with  the  preservative.  The  preparation  of  the  wood  necessary 
for  the  proper  reception  of  the  preserving  substance  is  the  removal 
of  all  those  portions  of  the  tissue  which  are  subject  to  fermentative 
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action.  This  consists  of  the  extraction  of  the  liquids  and  semi-liquids 
occupying  the  interfibrous  spaces,  and  constituting  the  very  immature 
portions  of  the  wood,  without  softening  the  cement  binding  of  the 
fibrillffi,  or  bundles  of  cellulose  tissue,  forming  the  sohd  or  fully 
matured  part.  Upon  the  successful  accomplishment  of  tljis  entirely 
depends  the  value  of  artificially  preserved  wood  for  structural  pur- 
poses. If  this  step  of  the  operation  is  conducted  at  too  low  a  tempera- 
ture, or  for  too  short  a  time,  the  sap  or  liquid  part  nearest  the  surface 
will  only  be  extracted,  the  consequence  of  which  will  be  an  insufficient 
space  for  receiving  the  preservative.  If,  on  the  other  hand,  the 
operation  is  carried  on  at  too  high  a  temperature,  or  for  too  long  a 
time,  the  resinous  portion  of  the  bundles  of  fibrills  will  be  softened 
and  the  wood  lose  its  elasticity  in  just  the  proportion  that  the 
coherence  of  the  fibrills  is  lessened.  The  temperature  should  never 
be  less  than  ioo°  C.  nor  exceed  130"  C.  Of  the  two  possible  methods 
for  the  removal  of  the  undesirable  portions  of  the  timber — exposure 
to  currents  of  dry  air,  and  steaming  under  pressure  with  an  after- 
drying  in  a  vacuum — the  latter  is  now  the  universal  practice.  While 
the  first-named  plan  may  seem  the  more  rational,  and  the  one  least 
likely  to  modify  injuriously  the  physical  structure,  such  is  not  ibc 
case.  Under  proper  manipulation,  a  more  thorough  desiccation, 
without  harmful  change  of  the  organic  structure,  can  be  accomplished 
in  twelve  hours  less  by  the  latter  process,  than  is  ever  possible  with 
air  drying,  which,  under  the  most  favorable  circumstances,  is  a  long- 
drawn-out  operation,  and  cannot  do  more  than  extract  the  water 
from  that  portion  of  the  sap  which  has  not  yet  reached  the  semi- 
£o!id  stage,  thus  leaving  in  the  tissues  of  the  wood  a  very  consider- 
able amount  of  resinous  matter  which  occupies  space  that  should 
be  ready  to  receive  the  creosote-oil.  The  consequence  of  this  is  a 
failure  of  the  oil  to  reach  many  of  the  interfibrous  passages,  which 
are  either  left  empty  or  are  filled  with  the  gelatinous  part  of  the  half- 
matured  growth  cells  in  which  are  to  be  found  the  conditions  that 
make  putrefaction  possible.  In  order  to  remove  the  sap  from  wood, 
it  is  first  necessary  to  vaporize  it  and  then  to  bring  about  such  external 
circumstances  which  shall  allow  outflow  of  all  gaseous  matter  from  the 
interior  of  the  wood.  In  order  to  vaporize  the  sap  it  is  necessary  to 
break  down  the  walls  of  the  cells  containing  the  liquid  and  semi- 
liquid  substances.  This  is  readily  accomplished  through  the  agency 
of  heat  applied  through  the  medium  of  a  moist  steam-bath,  at  such 
a  pressure  as  to  keep  the  temperature  of  the  wood,  and  its  surrounding 
atmosphere,  somewhat  above  the  boiling-point  of  the  sap.  The 
maintenance  of  this  condition  for  a  few  hours  is  found  to  be  quite 
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sufiEicient  to  break  down  the  sap-cell  tissue  and  to  vaporize  all  those 
constituents  that  it  is  desirable  to  withdraw.  This  point  ha\-ing  been 
reached,  the  steam-bath  is  discontinued;  and  the  temperature  being 
maintained  at,  or  slightly  above,  the  vaporizing-point  of  the  sap, 
the  pressure  of  the  atmosphere  surrounding  the  wood  within  the 
chajnber  is  reduced  below  that  of  the  interior  of  the  wood.  The 
result  of  this  condition  is  an  outflow  of  vapor  and  air,  continuing 
until  equilibriiun  is  restored.  This  equilibrium  is  prevented  by  the 
use  of  an  exhaust  pump  until  the  absence  of  aqueous  vapor  in  the 
discharge  from  the  pump  indicates  the  completion  of  the  operation. 
At  this  stage  the  wood-tissue  is  in  a  state  very  like  that  of  a  sponge 
cleared  of  hot  water;  every  pore  is  gaping  open  and  ready  to  receive 
the  oil. 

"  In  the  practice  of  the  Norfolk  Creosoting  Company  the  most 
carefully  dried  lumber  is  steamed  and  subjected  to  the  action  of 
the  heated  '  vacuum  '  in  order  that  there  may  be  had  that  thorough 
and  uniform  penetration  of  the  preserving  liquid  that  is  essential 
to  the  highest  efficiency  of  the  product.  The  timber  having  been 
thus  prepared  the  creosote-oil  is  admitted  to  the  chamber,  which 
is  still  kept  under  the  influence  of  the  vacuum  pump,  at  a  tempera- 
ture somewhat  above  the  boiling-point  of  the  sap,  at  the  pressure 
then  existing  in  the  chamber.  As  the  hot  oil  envelopes  the  wood 
and  enters  the  interlibrous  spaces,  the  aqueous  vapor  yet  remaining 
in  the  wood,  by  reason  of  its  less  specific  gravity,  rises  to  the  top 
of  the  containing  chamber  and  is  withdrawn  by  the  pump.  By  the 
time  that  the  chamber  is  entirely  filled  with  oil,  all  the  remaining 
moisture  has  escaped.  The  exhaust  pump  is  stopped  and,  in  order 
to  facilitate  the  absorption  of  the  oil  by  the  wood,  a  pressure  pump 
is  set  to  work  supplying  oil  to  the  chamber  at  such  pressure  as  may  be 
desired.  This  operation  b  continued  until  the  requisite  amount  of 
oil  has  been  put  into  the  timber.  The  chamber  is  then  opened  and 
the  timber  withdrawn.     The  apparatus  is  then  ready  for  further  use. 

"  The  successful  conduct  of  the  operation  above  outlined  exacts 
the  most  careful  attention  and  skUIful  management,  supplemented 
by  adequate  and  suitable  appHcances.  The  wide  divergence  in 
the  characteristics  of  timber;  the  varying  amounts  of  sap,  due  to 
the  lapse  of  time  since,  and  the  season  in  which  the  tree  was  felled; 
its  possible  subsequent  immersion  in  water  for  a  longer  or  shorter 
time;  the  character  of  the  soil  and  the  conditions  under  which  the 
tree  grew,  whether  in  a  dense  forest  or  a  comparatively  oj)en  country, 
whether  it  is  of  a  rapid,  even  growth,  or  a  slow  intermittent  one, 
are  all  factors  contibuting  to  a  more  or  less  perfect  product.     To  the 
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experienced  operator  these  conditions  indicate,  in  each  case,  the 
proper  course  to  be  pursued.  Failure  to  observe  and  to  take  them 
into  consideration  is  to  invite  indifferent,  uncertain  and  in  the  end 
unsatisfactory  results.    Of  equal  Importance  is  a  proper  understanding 


of  the  circumstances  under  which  the  finished  product  is  to  be  used. 
Timber  for  piers,  wharves  and  other  structures  in  tropical  waters 
demand  processes  and  degrees  of  thoroughness  of  treatment  that  are 
unnecessary  in  the  harbors  of  more  temperate  climates,  which  are, 
in  turn,  more  exacting  than  land  and  fresh-water  construction. 

"  It  is  as  true  as  it  is  unfortunate,  that,  in  the  past — perhaps 
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at  present— much  crcosoted  work  has  fallen  far  below  the  reasonable 
expectation  of  the  purchaser  and  user.  As  crcosoting  is  neither  a 
secret  or  patented  process,  nor  are  its  ojierations  complex,  a  close  and 
systematic  inspection  of  materials  used  at  the  place  of  manufacture 


is  all  that  is  necessary  for  the  buyer,  and  at  the  time  that  the  crcosot- 
ing is  in  progress," 

The  cost  of  creosoting  varies  of  course  with  the  size  of  piling 
and  the  size  of  timbers  and  with  the  location  as  well,  but  as  a  general 
average  the  cost  of  treating  ordinary  sized  piling  with  14  pounds  of 
creosote  jxir  cubic  foot  will  add  about  twenty-seven  cents  per  lineal 
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foot  to  the  price  of  the  piUng,  and  the  cost  of  creosoted  trestle  timbers 
will  range  from  $25  to  $35  per  thousand  feet  B.M.  in  addition  to  the 
price  of  the  timber.  Views  in  a  modern  creosoting  plant  are  shown 
in  Figs,  398  and  399,  which  plant  is  located  near  Seattle,  Wash. 
The  retorts  are  built  strong  enough  to  make  it  possible  to  fill 
specifications  requiring  large  percentages  of  creosote  to  be  put  in  fir 
timber,  which  is  much  harder  to  treat  properly  than  other  kinds. 

The  specification  for  the  boiling  process  of  treating  timber  with 
creosote,  is  given  in  full  in  Appendix  X,  by  permission  of  F.  D.  Beal, 
Manager  of  the  St.  Helen's  creosoting  plant  at  Portland,  Ore., 
and  is  a  full  description  of  this  valuable  method  for  hard-fiber 
timber. 

Recent  experiments  on  Douglas  fir,  both  treated  with  creosote 
and  without  treatment,  indicates  that  the  creosoted  timber  is  con- 
aderably  weakened  by  treatment,  the  strength  being  reduced 
from  15  to  30  per  cent.;  the  length  of  time  taken  for  treatment  and 
the  amount  of  heat  to  which  the  timber  is  subjected  being  the  largest 
factors  affecting  its  strength.  Air  seasoning  after  treatment  does 
not  restore  the  strength  of  any  appreciable  degree. 

The  experiments  are  being  carried  out  at  the  University  of  Wash- 
ington by  O.  P.  M.  Goss  of  the  Forestry  Bureau,  and  the  full  report 
of  the  tests  will  soon  be  made  public  in  a  government  buUetiiL 
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FOUNDATIONS   FOR  DAMS,   SEAWALLS,  AND   BREAKWATERS 

The  limited  scope  of  this  volume  will  not  afford  space  for  any 
discussion  of  the  calculation,  design,  or  construction  of  dams  any 
farther  than  to  discuss  those  matters  which  have  particular  reference 
to  the  foundations. 

The  first  point  to  be  considered  in  the  construction  of  a  dam 
is  to  have  a  practically  unyielding  foundation  bed  to  prevent  settling 
and  the  consequent  leakage  due  to  a  poor  foundation.  This,  of  course, 
presupposes  that  the  foundation  on  any  material  other  than  rock 
must  be  practically  impervious,  and  if  the  material  on  which  the  dam 
is  to  be  founded  is  rock,  that  it  shall  not  be  seamy  and  allow  water 
to  find  its  way  underneath  the  masonry  or  superstructure  of  the 
dam.  However,  should  the  dam  be  founded  upon  hard  gravel  or 
solid  earth,  sheet-piling  must  be  driven  at  the  up-stream  toe,  to 
a  sufficient  depth  to  prevent  the  water  with  the  head  or  pressure 
which  will  be  realized  when  the  dam  is  completed  finding  its  way 
underneath  in  serious  quantities.  This  sheet-piling  may  be  replaced 
by  a  concrete  cut-off  toe  wall  carried  to  the  requisite  depth,  or  the 
cut-off  or  core  wall  may  be  incorporated  as  a  part  of  the  dam  con- 
struction as  indicated  in  Fig.  400.  Where  the  dam  is  founded  on 
{xirous  or  seamy  rock,  and  this  cannot  be  removed  by  going  to  any 
reasonable  depth,  a  cut-off  wall  at  the  up-stream  toe  must  be  carried 
down  to  solid  rock,  or  failing  to  find  this,  it  will  be  necessary,  if  the 
rock  is  very  seamy,  to  dose  the  seams  by  forcing  grout  into  them 
under  pressure. 

Another  important  matter  to  be  taken  care  of  is  to  carry  the 
foundation  far  enough  into  the  rock  at  the  down-stream  toe  to  pre- 
vent the  scouring  out  of  the  foundation  by  the  action  of  the  water 
where  the  dam  is  of  the  over-flow  type.  This  will  very  often  cause 
the  undermining  of  the  down-stream  toe  from  the  back  lash  of  the 
water,  and  in  pervious  foundation  material  it  may  be  necessary  to 
drive  sheet-piling  at  the  down-stream  toe,  or  build  a  cut-off  wall 
in  its  stead,  although  this  is  very  often  a  dangerous  piece  of  con- 
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struction,  as  it  may  confine  the  seepage  finding  its  way  underneath 
from  the  up-stream  toe,  and  cause  an  uplift  pressure  on  the  dam, 
by  reason  of  the  free  discharge  being  prevented. 

The  apron,  Fig.  400,  was  originally  carried  a  maximum  distance 
of  about  30  feet  on  the  down-stream  side  on  a  hard  gravel  bottom, 
but  as  the  back  lash  after  a  year  or  so  of  service  undermined  the  apron 
to  a  considerable  distance,  the  planking  on  the  lower  step  of  the 
apron  was  torn  off  and  the  rock  and  timber  grouted  in  with  wet 
concrete,  and  the  apron  carried  about  20  feet  farther  down-stream. 
After  being  in  service  for  a  period  of  five  or  six  years  no  further  trouble 
had  been  had  from  this  source.     This  dam  had  two  spill-way  sec- 


FiG.  400. — Yakima  Dam  Section. 

tions  and  three  sections  with  Chanoine  wickets  operated  from  a  bridge 
as  shown  in  Fig.  401 . 

In  every  dam  the  structure  must  be  carried  into  the  bank  on  either 
side,  so  as  to  pievent  the  water  under  pressure  from  finding  Its  way 
around  the  end.  The  dam  in  Fig.  401  had  one  end  carried  into 
solid  rock,  while  the  other  end  was  carried  well  into  the  gravel  bank, 
and  two  rows  of  round  piling  driven  close  together  to  quite  a  distance 
farther  on  shore  to  make  certain  that  no  water  would  find  its  way 
around  the  end. 

On  account  of  some  very  dangerous  floods  it  was,  however,  found 
advisable,  after  a  year  or  so,  to  extend  the  concrete  cut-ofT  wall 
entirely  across  the  canyon,  to  where  rock  bottom  was  again  encoun- 
tered, and  to  build  a  reinforced  concrete  dam  connecting  from  that 
point  across  a  narrow  rocky  wash  to  the  far  rock  bluff.  These  things 
should  have  been  foreseen  and  provided  for  in  the  original  plan. 

The  dam  for  the  Tacoma  Water  System  on  Green  River  (Figs. 
402,  403  and  404)  constructed  by  the  author,  was  supposed  to  have 
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been  located  on  firm  rock,  but  upon  pumping  out  the  coffer-dam 
the  upper  portion  proved  to  be  very  seamy,  and  it  was  found  neces- 
sary to  carry  the  entire  dam  from  3  to  6  feet  lower  or  into  the  solid 
rock,  and  the  cutH3ff  walls  were  both  omitted,  although  the  lower 
cut-off  wall  was  evidently  a  mistake  in  the  original  design.  The 
first  season's  floods  demonstrated  the  additional  fact  that  the  apron 
had  not  been  carried  far  enough  down-stream,  as  the  rock  became 
soft  on  exposure,  and  the  bottom  scoured  out  into  holes  or  pockets 
from  I  to  6  or  7  feet  in  depth,  making  it  necessary  to  extend  the 
apron  20  to  30  feet  farther  down-stream,  due  to  oversight  in  making 
original  plans.  The  abutments  at  both  ends  of  the  dam  were  car- 
ried into  the  solid  rock  so  that  no  water  could  find  its  way  around 
the  ends. 


Fic.  401.— Vakiua  Chanoime  Wicket  Crib  Dak. 

The  necessity  will  sometimes  arise  for  putting  in  the  foundation 
of  a  dam  where  the  best  thing  possible  to  be  done  must  for  reasons 
be  abandoned,  and  the  construction  carried  on  using  the  best  judg- 
ment of  the  engineers  connected  with  the  work.  In  a  case  of  this 
kind  where  the  author  acted  as  consulting  engineer  on  the  construc- 
tion of  a  dam  in  the  rapids  just  above  the  270  feet  drop  of  Snoqualmie 
Falls  in  Washington,  the  endeavor  had  been  made  for  some  months 
to  construct  a  dam ,  and  late  in  the  summer  it  was  determined  to  be  a 
case  of  absolute  necessity  to  get  in  a  dam  before  the  Fall  floods, 
in  order  to  give  the  necessary  head  of  water  to  operate  a  hydro- 
electric plant.  The  fall  of  the  water  in  the  rapids  was  sufficient, 
so  that  by  using  a  semicircle  of  sandbags  around  a  section  of  the  dam 
in  the  stream,  the  water  would  drop  away  below,  and  leave  the  bed- 
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Tig.  40). — Gkken  Rivlr  Dak. 


Fic.  40j. — Green  Rivek  Coffek-dam. 
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rock  practically  dry.  To  get  the  dam  completed  in  a  little  over 
thirty  days,  it  was  impossible  to  do  any  more  than  to  clean  off  the 
bed-rock,  leaving  the  large  boulders  to  be  incorporated  in  the  con- 
crete; and  to  properly  anchor  the  dam,  large  enough  holes  were 
drilled  into  the  bed-rock  with  air  hurleys  to  set  in  short  sections  of 
railroad  rail  every  few  feet  to  anchor  the  dam  against  sliding.  A 
cable-way  was  stretched  across  the  stream  on  the  axis  of  the  dam 
(Fig.  405),  and  a  timber  frame  of  the  section  of  the  dam  con- 


Fto.  404. — Green  River  Dau  Section 

structed,  and  this  planked  with  6-inch  timber  drift-bolted  in  place, 
excepting  the  top  plank,  which  was  left  off  until  the  form  was  filled 
up  with  concrete.'  Another  section  could  then  be  built  in  a  ^milar 
manner,  leaving  a  5-  or  6-foot  space  between  the  sections  for  a  spill- 
way, these  sections  being  closed  up  and  filled  the  last  thing  by  batten- 
ing the  plank  together  and  utilizing  the  force  of  the  water  to  press 
them  into  place,  after  which  the  concrete  was  poured.  In  this  way 
the  dam  was  constructed  in  practically  thirty  days,  by  working 
day  and  night  crews,  and  it  has  stood  for  about  fourteen  years  with 
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no  serious  repairs  except  to  put  a  block  of  concrete  in  one  deep  hole 
below  the  dam  where  some  scour  had  occurred. 

Some  of  the  high  dams  are  of  the  overflow  type,  and  the  section 
of  the  down-stream  face,  and  the  design  of  the  apron  becomes  a  very 


Fic.  405. — Snoqualmib  Ri\'eb  T),\ti. 

important  matter,  although  most  of  the  high  dams  are  provided  with 
spUlwaya  to  carry  the  flood  waters  without  endangering  the  down- 
stream toe  of  the  masonry. 

The  cross-section  of  the  Croton  Dam,  founded  on  solid  rock,  is 
shown  in  Fig.  406,  showing  as  well  the  anchor  pits,  10  feet  in  width 
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and  6  feet  deep,  which  were  put  in  to  prevent  the  dam  from  sliding 
upon  the  base. 

The  cross-section  of  a  dam  at  Grenoble,  France,  across  the  River 
Drac,  is  shown  in  Fig,  407,  and  represents  a  type  of  apron  that  will 
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Fic.  406. — Cboton  Dam  Foundation. 


carry  the  water  far  enough  down-stream  and  discharge  it  in  such  a 
way  as  to  almost  entirely  prevent  back  lash. 

The  foundation  of  the  Assuan  Dam  is  shown  in  Fig,  408,  showing 
how  the  rock  was  excavated  in  notches  to  prevent  sliding. 

The  section  of  the  Spaulding  Dam  in  Nevada  County,  California, 
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Fio.  407. — Dau  Foundation  and  Apron,  GBENoeLE,  Fbance. 


CROSS  SECTION  OF  0AM  SHOWING  ABUTMENT  PIER 
Fio.  408.— AssuAN  Dah  Fodnsaxkri 
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and  the  profile  of  the  canyon  are  shown  in  Figs.  409  and  410.  This 
shows  the  character  of  the  foundation,  and  the  following  discussion 
of  it  as  relating  to  the  foundation  proper  is  taken  from  the  Engineer- 
ing Record  of  August  9,  1913 : 

The  new  dam  is  being  constructed  across  the  canyon  of  the  south 
fork  of  the  Yuba,  about  2200  feet  down-stream  from  the  present  dam. 
At  the  dam  site  the  geological  formation  is  of  granite  and  diabase, 
aEFording  an  excellent  foundation. 


Fic.  409-— SPACtDiNG  Dam  Section, 

The  dam  itself  is  of  cyclopean  masonry.  Although  designed 
as  a  straight,  gravity-section  dam,  it  is  arched  in  plan  to  provide 
an  additional  factor  of  safety. 

This  arch  is  of  the  type  developed  by  Mr.  L.  Jorgensen,  of  the 
engineering  firm  of  F.  G.  Baum  &  Company,  of  San  Francisco,  the 
main  feature  of  which  is  that  the  angle  subtended  by  the  arc  under 
pressure  is  kept  as  nearly  constant  as  possible  by  varying  the  radius 
of  the  up-stream  side  at  different  elevations.  This  is  considered  a 
very  desirable  condition,  since  arch  action  in  the  dam  can  thus  be 
utilized  to  a  maximum  degree  at  every  elevation,  which  tends  greatly 
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toward  economy  of  section.  When  an  ordinary  arched  dam  is  located 
in  a  canyon,  which  is  narrow  at  the  bottom  and  much  wider  at  the 
crest,  practically  no  arch  action  takes  place  for  a  considerable  distance 
vertically  above  the  toe.  This  is  obvious,  for  the  reason  that  near 
the  bottom  of  the  dam  the  angle  subtended  by  the  arc  under  pressure 
is  so  small  that  the  arc  is  practically  a  straight  line.  Therefore  this 
portion  of  the  dam  acts  as  a  beam  rather  than  as  an  arch.  By  using 
a  shorter  radius  at  the  bottom,  however,  arch  action  can  be  utilized 
where  it  is  most  essential,  namely,  near  the  base  of  the  dam,  where 
the  pressure  is  a  maximum. 

Accumulation  of  water  between  the  dam  and  its  foundation  will 
be  prevented  by  6-inch  weep  holes,  extending  from  the  foundation 
vertically  to  the  ins[)ection  gallery,    A  similar  set  of  weepers  is  pro- 


FiG.  410.— Sfauldinc  Dah,  Profile  across  Canyon. 

vided  above  the  gallery,  so  as  to  collect  possible  seepage  in  the  body 
of  the  dam. 

Water  will  be  drawn  from  the  reservoir  through  two  bXg-foot 
intake  tunnels  opening  in  the  granite  canyon  side  about  iz  feet  from 
the  face  of  the  dam.  The  elevations  of  the  tunnel  inverts  above  the 
level  of  the  toe  of  the  dam  are  71.5  and  170  feet  respectively.  Each 
tunnel  is  controlled  by  a  separate  gate  valve,  so  that  water  may  be 
drawn  from  either  level.  From  these  gates  the  tunnels  lead  to  a 
shaft  8  feet  square,  and  from  this  shaft  a  single  concrete-lined  tunnel 
8  feet  8  inches  in  diameter  in  the  clear  and  4456  feet  long,  with  a 
fall  of  7  feet  per  mile,  leads  to  the  main  canal. 

There  will  be  two  concrete  spillways,  entirely  distinct  from  the 
dam,  located  in  adjoining  canyons,  as  shown  in  the  plan. 

During  the  construction  the  flow  of  the  South  Yuba  River  is 
carried  through  the  dam  m  two  flumes,  each  5  feet  square.  AH 
material  is  handled  by  the  gravity  system.  The  company  has  built 
a  spur  track  from  Smart  to  a  point  directly  above  the  dam  site,  where 
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the  gravel  and  sand  are  dumped  into  bunkers  below  the  cars  and  from 
there  are  brought  to  the  mixers  by  horizontal  belt  conveyers,  each 
operated  by  a  so-horse-power  motor.  These  belts  are  i8  and  34 
inches  wide  and  travel  at  the  rate  of  300  feet  per  minute.  The  cement 
is  unloaded  from  the  cars  to  a  similar  belt  traveling  at  the  rate  of 
100  feet  per  minute.  Gravel,  sand  and  cement  are  thus  conveyed 
to  four  i-cubic-yard  hoppers,  each  of  which  is  located  directly  over 
a  i-cubic-yard  Smith  mixer.  The  hoppers  also  have  a  capacity  of 
I  cubic  yard,  so  that  each  batch  contains  exactly  the  same  amount 
of  material.  The  proportions  of  sand  and  gravel  are  accurately 
gaged,  as  the  belts  pass  over  a  movable  tripper,  which  directs  the 
material  into  any  one  of  the  four  hoppers  desired.  A  1-2-4  ™ix 
is  used.  Each  mixer  is  driven  by  a  lo-horse-power  motor.  The 
combined  capacity  of  the  four  mixers  is  2000  cubic  yards  in  twenty- 
four  hours. 

The  mixers  empty  their  contents  into  a  chute  2J  feet  deep  and  2 
feet  wide  which  zigzags  down  the  side  of  the  canyon  to  the  dam, 
each  section  having  an  incline  of  about  25°.  The  lower  sections  are 
movable,  so  that  concrete  can  be  placed  wherever  wanted.  This 
system  will  be  employed  until  the  dam  reaches  a  height  of  about 
225  feet,  when  an  elevator  must  be  erected  and  the  concrete  raised 
from  the  mixers  to  a  sufficient  height  to  enable  it  to  be  placed  by 
gravity  even  at  the  highest  point. 

After  the  concrete  has  been  deposited  and  while  it  is  still  plastic 
large  pudding  stones  are  dropped  into  it.  These  are  handled  by 
three  derricks,  which  will  be  raised  from  rime  to  time  as  construc- 
tion progresses  and  the  height  of  the  dam  increases. 

The  hollow  reinforced  concrete  dams  which  are  being  constructed 
in  many  locations  are  of  such  a  type  that  no  up-lift  pressure  will 
occur,  although  the  leakage  underneath  the  up-stream  toe  some- 
times becomes  a  very  serious  matter,  and  in  one  case  that  the  author 
has  in  mind,  seepage  was  so  great  that  it  became  necessary  to  grout 
the  seamy  rock  at  great  expense.  Further  information  and  data 
on  the  subject  of  dam  foundations  will  be  found  in  Wegmaon's 
"  Design  and  Construction  of  Dams,"  6th  Edition,  1911. 

The  investigations  carried  out  by  the  author  in  regard  to  the  con- 
struction of  seawalls  for  the  Seattle  Harbor  Commission  disclosed 
the  fact  that  there  have  been  constructed  in  the  various  ports  of  the 
world  almost  as  many  different  ideas  and  designs  of  walls  as  there 
have  been  engineers  engaged  upon  their  construction. 

The  most  simple  ones  are  merely  timber  bulkheads,  very  often  of 
the  tj'pe  shown  in  Fig.  257;  many  are  of  pile  and  brush  construction, 
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as  described  in  Chapter  XVIII;  while  many  have  timber  sheet-piling 
supported  by  guide-piles  and  waling,  and  anchored  back  to  anchor 
piles  or  "  dead-men."  This  type  is  sometimes  constructed  of  creo- 
soted  timber  and  piling,  and  will,  if  properly  designed,  last  for 
twelve  or  fifteen  years. 

Where  the  shore  is  protected  with  riprap,  as  shown  in  Fig.  335, 
and  it  is  desired  to  have  vessels  laid  up  along  the  shore,  a  wharf 
or  quay  can  be  built  parallel  to  the  shore  by  driving  the  piling  before 
placing  the  riprap,  or  else  driving  the  innermost  row  of  piling  through 
the  toe  of  the  riprap  and  spanning  the  distance  from  the  piling  to 
the  shore  with  timber  or  hog-chain  girders.  Such  seawalls  of  tim- 
ber, brush  or  riprap  can  be  constructed  at  costs  ranging  all  the  way 
from  $5  per  lineal  foot  to  $12  or  $15  per  lineal  foot  for  ordinary 
heights,  the  engineer,  of  course,  making  an  estimate  of  each  special 
case,  based  upon  the  cost  of  materials  and  labor  for  the  particular 
locality. 

The  construction  of  masonry  seawalls  is  one  which  should  be 
gone  into  very  carefully  (or  each  particular  case,  bearing  in  mind 
that  the  water  is  liable  to  get  underneath  the  wall,  and  very  often 
saturate  the  material  back  of  the  wall  so  that  it  will  cause  both  an 
uplift  and  a  very  greatly  increased  pressure  from  the  landward 
side.  This,  of  course,  would  make  the  danger  much  greater  for 
sliding  upon  the  base. 

The  construction  of  a  wall  at  the  Puget  Sound  Navy  Yard  {Fig. 
411)  40  feet  in  height,  was  carried  out  by  the  author  by  driving  sheet- 
piling  aroimd  the  outside  conforming  to  the  batter  of  the  wall,  down 
into  the  cemented  gravel,  and  after  properly  bracing  it,  the  dredging 
was  done  inside  of  the  sheeting  with  an  orange-peel  bucket  down  to 
the  required  depth,  and  the  concrete  up  to  low  water  deposited  with 
a  tfimie.  For  walls  of  this  type  investigated  by  the  author,  includ- 
ing piling  under  the  base  in  softer  material,  with  the  concrete  42 
feet  in  height,  the  estimated  cost  was  about  $175  pei  lineal  foot  at 
Seattle.  Where  only  the  footing  course  about  8  feet  in  thickness 
was  deposited  through  a  trimie,  and  the  balance  pumped  so  as  to 
deposit  the  concrete  in  the  dry,  the  cost  was  found  to  be  about 
$195  per  lineal  foot,  there  being  only  the  height  of  12  feet,  from 
the  top  of  the  base  to  mean  low  water,  requiring  much  pumping; 
above  this  portion  very  little  pumping  would  have  to  be  done.  Among 
other  designs  there  was  a  quay  wharf  supported  on  reinforced  con- 
crete piles,  with  the  fill  held  in  place  by  reinforced  concrete  sheet- 
piling,  and  this  was  estimated  to  cost,  for  practically  the  same 
depth  of  water  alongside,  not  over  $100  per  lineal  foot. 
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The  later  seawalls  constructed  at  the  Puget  Sound  Navy  Yard 
(Fig.  412)  are  of  reinforced  concrete  and  range  from  9  feet  in  height 
to  24  feet  in  height  of  the  sections  shown,  with  the  supporting  piling 
spaced  closer  near  the  outside  face  to  take  up  the  increased  load 


Fig.  412.— Pucet  Sodnd  Navy  Yakd,  Sea  Wall. 

due  to  the  overturning  moment.  These  walls  are  of  a  type  where 
the  vertical  component  of  the  earth  filling  is  utilized  to  add  to  the 
stability  of  the  wall.  The  nosing  of  the  wall  is  of  cast  iron  anchored 
to  the  concrete  as  shown  in  Fig.  412  (6).    The  itemized  cost  of  walls 
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of  this  type  is  given  in  Chapter  XXXIII,  and  while  some  of  the  older 
walls  were  constructed  of  the  gravity  type,  reinforced  construction 
undoubtedly  represents  a  saving  of  from  25  to  30  per  cent. 


Fig. 


M  FT,  SECTION 

12(a). — Reinforced  Seawall,  PncET  Soitnd  Navy  Yard. 


The  masonry  seawalls  constructed  in  New  York  Harbor  comprise 
over  a  score  of  different  designs.  The  type  shown  in  Fig.  413  con- 
sists of  a  platform  supported  by  vertical  piling  with  12X12  sheet- 
piling  at  the  shore  side  of  the  platform  to  retain  the  fill,  and  brace 
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piles  as  shown  to  take  up  the  thrust.  On  top  of  this  platform  is 
constructed  a  concrete  seawall  about  q  feet  6  inches  in  height,  with 
a  base  of  7  feet,  to  retain  the  earth  filling  which  carries  the  pave- 
ment. Outside  of  this  wall  timber  fender-piles  are  driven  and  fastened 
as  shown.  Another  type  of  wall  founded  or  resting  directly  on  a 
pile  foundation  is  shown  in  Fig.  414,  the  piling  being  filled  around 
with  riprap,  and  both  faces  of  the  wall  being  riprapped  as  shown. 

The  wall  shown  in  Fig.  415  is  founded  upon  rock  and  is  of  con- 
crete construction  with  granite  facing  above  low  water.  The  inside 
of  the  wall  is  stepped,  thus  taking  advantage  of  the  vertical  loading 
from  the  earth  fill.  The  type  of  wall  used  at  Cedar  Street  (Fig.  416) 
is  founded  upon  rock,  the  leveling  off  of  the  foundation  bed  having 


Fin.  412(6).— Seawall  Nosing,  Na\-y  Yard. 

been  accomplished  by  using  concrete  in  bags.  The  wall  at  the 
Battery  (Fig.  417)  is  founded  on  a  base  of  riprap  on  the  rock  as 
shown. 

On  account  of  the  great  thrust  or  overturning  effect  of  the  fill, 
many  of  the  New  York  seawalls  have  been  constructed  like  the 
Canal  Street  section  (Fig.  418)  with  a  relieving  platform  as  shown, 
relieving  the  wall  from  the  greater  portion  of  the  earth  thrust. 

The  minimum  cost  of  the  rock-bottom  type  for  the  wall  proper 
has  been  about  $160  per  lineal  feet,  the  maximum  cost  about  $310 
per  lineal  foot,  and  the  average  cost  being  about  $260  per  lineal 
foot.  The  average  total  cost  has  been  slightly  under  $300  per  lineal 
foot.  The  minimum  cost  for  the  hard  bottom  type  has  been  about 
$125  per  lineal  foot  for  the  wall  proper,  the  maximum  cost  about 
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$135  per  lineal  foot,  with  an  average  of  about  $130  per  lineal  foot; 
the  total  average  cost  of  this  type  being  slightly  under  $240  per 
lineal  foot.  The  minimum  cost  for  the  walls  proper  for  the  relieving 
platform  type,  has  been  under  $100  per  lineal  foot,  the  maximum 
cost  for  the  wall  proper,  slightly  under  $140  per  lineal  foot,  with  an 


Fio.  413.— New  York  Seawall,  Piles  akd  Platform. 

average  of  about  $110  per  lineal  foot.    The  details  of  these  costs 
per  lineal  foot  are  set  forth  in  the  tabic  on  p.  604. 

"  One  of  the  latest  pieces  of  the  extensive  municipal  seawall 
construction  work  in  Hamburg,  Germany,  was  done  last  year  at  the 
slip  alongside  the  yard  of  Blohm  &  Voss  in  order  to  make  this  slip 
available  for  steamers  of  the  Imperator  class  during  the  finishing 
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TABLE    LXVI.— COST  OF  NEW  YORK  SEAWALLS. 


R«.B„,™.    ;„.«., Pi„..,..., 

M,.. 

.!„.         A.,     j    Ml., 

Mu. 

Av. 

Min, 

Mai. 

Av. 

S6.60 

4. SO 
rs6:oo 

I44.OO 

19  SO 

63.00 
13J.00 

S3».oo 

56.50 
129-50 

II3.00 
34-00 

88 '00 

I62.00 
84.00 

139.00 
139.00 

»30-00 

44-00 

89.00 
109,00 

Riprap  and  cobble .  . 
Piling    and    timber 

viotk 

Concrete  and  granite 

30,:oo 

10.40  12.50 

....   4900 

JS4.  0  125-00 
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work  after  launching.  Since  the  improvement,  the  hull  of  the 
giant  Vaterland  has  occupied  the  slip.  The  slip  had  to  be  deepened 
from  2s-foot  depth  to  33-foot  depth  at  mean  low  water.  Partly 
for  this  reason  and  partly  because  the  existing  quay  wall  was  of  un- 
suitable kind,  the  entire  quay  wall  had  to  be  rebuilt.  At  the  same 
time  the  shipbuilding  firm  put  up  a  zys-ton  tower  crane  on  the  quay, 
its  foundation  being  independent  of  that  of  the  wall. 


Fro.  416, — New  York  Sea  Wall.    Concrete  Bags  on  Rock. 

"  The  wall  is  shown  by  the  drawings,  Fig.  429.  A  small  sketch 
of  the  old  wall,  indicating  the  relative  positions  of  old  and  new  walls, 
is  included  in  the  drawing.  The  old  wall  consisted  of  masonry 
piers  82  feet  apart  and  intermediate  sections  of  sloping  bank  paved 
with  cement  blocks,  over  a  foot  wall  of  braced  piles  set  close.  The 
new  wall  is  a  concrete  base  slab  and  front  wall  for  retaining  the  fill, 
resting  on  pile  and  grillage  foundation.    The  masonry  work  was 
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done  in  the  open,  and,  therefore,  the  top  of  grillage  is  fixed  at  1.7 

feet  above  low  water. 

"  The  extreme  tidal  range  at  Hamburg  is  from  2.35  feet  up  to 
28.5  feet  above  Hamburg  Datum,  but  the  ordinary  range  is  only 
6j  feet,  from  El.  9.8  feet  to  El.  16.4  feet.  The  desired  low-water 
depth  is  10  m.,  requiring  the  sHp  to  be  deepened  to  El.  —23  feet 
(—7.0  m,).  The  mean  high-water  depth,  therefore,  is  39.4  feet. 
As  will  be  seen  from  the  sketch,  the  elevation  of  top  of  quay  wall 


V  SECTION.  -A" 

Fic.  417.— N'ew  Vohk  Sea  Wall.    Riprap  oh  Rock, 

(q.2  m.)  is  just  above  extreme  high  tide  and  gives  a  freeboard  of 
about  20  feet  at  mean  low  tide. 

"  The  use  of  pilc-and-grillage  substructure  is  the  standard  for 
quay-wall  work  in  Hamburg,  this  practice  having  prevailed  now 
for  a  considerable  time  past.  The  piles  are  16-inch  butt  diameter, 
and  average  about  43  feet  spacing.  They  are  capped  by  longitudinal 
8Xio-inch  caps,  and  over  these  is  an  SXgi-inch  cross-sill  over  each 
transverse  pile  row.    The  longitudinal  caps  are  notched  into  the  pile 
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top  and  boltpd  through.  A  2-inch  plank  floor  is  laid  over  the  cap)s 
between  cross-sills,  and  on  this  the  concrete  and  stone  f^ng  work 
is  erected.  The  timber  is  all  fir,  except  that  the  cap  of  the  front 
row  of  piles  is  oak. 

"The  concrete  of  the  body  of  the  wall  is  i:8  mixture  (cement 
and  gravel).  The  front  of  the  wall  is  faced  with  blocks  of  columnar 
basalt,  which  are  quite  regular  in  shape  and  make  a  neat  and  very 
durable  facing.  This  is  also  a  standard  detail  in  Hamburg  quay- 
wall  construction. 


Tocm  of  Vtall 


Rave+morrt 


"  At  the  rear  of  the  base  slab  there  is  a  back  wall  for  carrying 
the  rear  truck  of  a  gantry  crane  running  along  the  quay;  in  fact, 
provision  for  this  crane  track  was  the  reason  for  making  the  grillage 
and  base  slab  as  wide  as  shown.  Longitudinally  the  crane  has  a 
wheel  base  of  79  feet.  Its  total  loaded  weight  will  be  iioo  tons. 
The  longitudinal  slot  in  the  top  of  the  back  wall,  seen  in  the  cross- 
section,  is  the  conduit  for  the  electric  cables  supplying  power  to  the 
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"  The  cost  of  the  quay  wall  was  approximately  $460  per  lineal 
meter,  or  $140  per  lineal  foot.  This  is  lower  than  the  normal  cost 
of  such  a  structure  by  about  $45  per  lineal  foot,  on  account  of  the 
presence  of  the  old  revetment. 

"  To  give  some  basis  of  judging  of  the  above  cost  figures,  it  is 
noted  that  the  cost  of  the  foundation  piles  in  place  (i.e.,  driven) 
is  as  follows: 

Av.  diun,  U  Pile.  Cost  In  Place  per  Lin.  Pt. 

20  in $0.95-1 .  10 

18  in 0.80-1.00 

16  in 0.75-0.95 

14  in 0.60-0.75 


Fig.  420.— Hambkbc  Tower  Ceake. 

"  The  concrete  fi  to  8  mixture)  cost  $3  to  $3.50  per  cubic  yard. 
The  coping  granite  cost  about  $33  to  $37  per  cubic  yard,  in  place. 
The  average  rate  of  pay  of  concrete  workers  is  about  19  cents  per 
hour;  masons  and  carpenters  are  paid  6  to  7  cents  more. 

"The  275-ton  fixed  tower  crane  already  mentioned  was  shown 
in  an  outline  sketch  in  Engineering  Neu-s  of  Oct.  31,  1912.  Its 
appearance  is  reproduced  more  strikingly  by  the  view  Fig.  420 
herewith.  The  long  or  front  arm  of  the  crane  can  tilt  upward,  being 
operated  by  a  pair  of  pulling  screws  attached  to  links  in  the  line 
of  the  top  chord.  The  load  of  275  tons  (250  metric  tons)  can  be 
carried  at  a  radius  of  loj  feet  from  the  center.     The  small  locomotive 
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crane  running  on  top  of  the  arm  has  a  capacity  of  23  tons  at  half 
projection,  or  11  tons  at  full  projection  of  52^  feet  from  its  own 
center,  which  makes  the  extreme  reach  229J  feet  from  the  center  of 
the  tower.  The  top  chord  of  the  main  crane  is  about  180  feet  above 
quay  level.  The  drive  of  the  crane  is  wholly  electric,  the  control 
being  of  the  Leonard  type."  The  above  account  h  taken  from  the 
Engineering  News. 

The  most  notable  example  of  quay-wall  construction  in  recent  years 
was  the  building  of  over  6500  lineal  feet  of  wall  in  connection  with  a 
new  port  project  at  Antwerp,  Belgium,  on  the  River  Scheldt  (Fig, 
421).  This  wall  (Fig.  422  (a))  had  a  base  of  31.2  feet,  the  base  proper 
being  about  10  feet  thick,  with  the  total  height  of  wall  of  about  56 
feet.  This  wall  had  to  be  constructed  in  the  river  and  wjs  founded 
by  compressed  air  through  the  silt  down  to  the  underlying  hard  bot- 
tom. Inasmuch  as  the  wall  would  have  to  be  subjected  to  variable 
pressures  during  the  progress  of  the  dredging  work  and  the  back- 
hlling,  and  later  permanently  due  to  variations  in  the  tide,  the  work 
had  to  be  carried  out  in  a  way  that  would  leave  no  uncertainty  as 
to  the  character  of  the  foundation  bed.  There  were  eleven  different 
bids  received  on  this  work  in  April,  1907,  representing  some  thirty 
different  propositions,  and  the  bid  of  Hersent  &  Sons  of  Paris  was 
accepted,  amounting  to  the  sum  of  ro,9oo,ooo  francs,  as  the  proposi- 
tion was  finally  modified  and  decided  upon,  or  over  $2,000,000  for 
the  2000  meters  of  wall.  The  bids  ranged  from  $245  per  lineal  foot 
to  about  $630  per  lineal  foot,  while  the  bid  accepted  was  for  approx- 
imately $300  per  lineal  foot,  and  including  the  total  expense  up  to 
the  time  of  the  completion  of  the  work,  the  ultimate  total  cost 
of  everything,  including  fill,  amounted  to  about  $480  per  lineal  foot. 

The  design  of  the  wall  as  it  was  constructed  may  well  be  said 
to  be  a  beautiful  one,  and  also  of  the  very  best  in  its  engineering 
features.  This  was,  however,  a  modification  of  the  cross-section 
submitted  by  Hersent  &  Sons,  which  had  a  base  of  only  8.7  meters 
as  against  9.5  meters  as  built,  or  slightly  over  9  per  cent,  of  an  in- 
crease, and  greatly  increasing  the  stability  against  rotation. 

The  curved  batter  of  the  face  of  the  wall  and  the  stone,  facing 
from  below  low  water  to  the  stone  coping  add  much  to  its  appear- 
ance. The  conduit  or  gallery  in  the  wall  near  the  top  is  provided 
for  placing  pipes  and  wiring  for  the  port,  thus  making  it  unnecessary 
to  dig  up  back  of  the  wall  for  laying  pipes  or  wires.  This  conduit  is 
about  4  feet  wide  by  6.6  feet  high  and  has  a  ledge  about  20 
inches  wide  on  which  to  lay  pipe  and  the  like. 

The  researches  carried  out  in  regard  to  the  bearing  capacity  of 
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the  clay  showed  that  for  similar  material  at  the  Tower  bridge 
in  London  4.4  tons  per  square  foot  was  allowed;  at  the  Charing 
Cross  bridge  7.2  tons  per  square  loot;  at  the  Canon  Street  bridge 


5 

i 
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i 

i 

t 
I- 

3 

Fig.  4?)  (a).— Antwerp  Quay  Wall  Section. 

4.6  to  5.1  tons  per  square  foot;  and  at  the  Kidderpur  dock  in  India 
4.8  tons  per  square  foot.  The  allowable  pressure  in  kilograms  per 
square  centimeter  finally  adopted  was  3.3  kg, +0.2  2  kg.  XA,  the  factor 
h  being  the  depth  of  the  foundation  below  the  bed  of  the  stream  in 
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meters.  These  walls  were  constructed  in  sections  of  30  meters  or 
about  100  feet  in  length  by  means  of  compressed-air  caissons,  of 
which  only  the  steel  working  chamber  was  linaUy  left  in  the  com- 
pleted work.  The  design  of  these  caissons  is  as  shown  in  Fig. 
422,  the  working  chamber  being  5.75  feet  high  and  practically  31.2 
feet  in  width,  the  caisson  proper  being  generally  11.8  feet  in  height, 
varying  in  accordance  with  the  depth  to  which  the  work  was  to  be 
carried. 

Two  steel  barges  (Fig.  423)  were  used  in  the  construction  and  were 
connected  together  by  a  framework  spamiing  the  caisson  so  as  to 
assist  in  handUng  the  caissons  and  the  movable  coffer-dams  as  shown. 
These  scows  and  framework  carried  all  of  the  compressed-air  plant, 
machinery,  and  material  used  in  the  construction.  When  the  steel 
caissons  had  been  constructed  and  launched,  they  were  partially 
filled  with  concrete  as  shown  in  Fig,  424  to  land  them,  and  additional 
concrete  added  as  was  found  necessary  to  sink  them.  The  com- 
pressed air  was  then  introduced  into  the  chamber,  and  the  workmen 
entered  through  the  No,  1  and  2  air-locks,  and  shafts,  while  the  mate- 
rial excavated  was  removed  through  the  shafts  and  locks  fitted  for 
that  purpose.  The  arrangement  of  the  ingenious  machinery  in 
these  air-locks  is  shown  in  Figs.  425,  a,  b,  c,  and  d. 

Each  caisson  was  provided  with  five  shafts,  the  end  and  center 
ones  being  3.45  feet  in  diameter  and  the  two  intermediate  ones  of 
2,5  feet  in  diameter.  Each  shaft  was  in  three  equal  sections,  con- 
nected with  angle  flanges,  bolted  together  with  tallowed  hemp 
gaskets.    The  shell  was  about  ^  inch  thick  in  all  of  them. 

There  were  four  types  of  air-locks  employed  as  shown  in  Fig. 
425,  two  of  the  Pagnard  or  No,  IV  type  on  the  intermediate  shafts, 
one  No.  I  on  one  end  shaft,  one  No.  II  on  the  other  end,  and  a  Ko. 
Ill  or  Tchokke  lock  on  the  center  shaft. 

Type  No.  I,  for  both  workmen,  tools  and  excavation,  was  4.6 
feet  in  diameter,  6.6  feet  high  and  of  i^-inch  metal.  It  was  provided 
with  two  inclined  tubes  for  discharge  of  the  excavated  material, 
each  tube  holding  about  7  cubic  feet  of  material.  The  material  was 
hoisted  in  buckets  on  a  wire  cable  running  on  a  differential  drum, 
each  bucket  holding  from  about  i  cubic  foot  to  2  cubic  feet  each, 
and  being  dumped  by  a  man  stationed  in  the  air-lock.  When  the 
cylinders  were  filled  and  the  door  from  the  shafts  closed,  then  the 
doors  at  the  outer  end  of  the  cylinders  were  opened  as  soon  as  the  air 
pressure  was  equalized,  and  the  material  dumped.  Safety  chains 
prevented  the  outside  door  being  opened  until  the  inside  was  closed. 

Type  No.  II  was  also  used  by  the  workmen  and  for  discharging 
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the  excavation.  This  was  6.2  feet  in  diameter,  7.67  feet  high,  with  ■ 
a  domed  top,  of  H-inch  metal,  and  consisted  of  two  contiguous 
vertical  locks,  having  double  swinging  doors  at  the  bottom,  with 
vertical  sliding  doors  dosing  on  rubber  gaskets  and  operated  by  a 
cable  on  a  drum  as  shown  in  the  drawing.  The  buckets  used  In  this 
lock  carried  about  aj  cubic  feet  of  the  excavated  material. 

Type  No,  III,  on  the  central  shaft,  was  a  Tchokke  lock,  especially 
for  the  removal  of  the  excavated  material,  and  the  passage  of  shores 
and  tools.    The  bucket  was  of  soo  Uters  or  about  7  cubic  feet  capacity 


Fig,  4j8.— Narkow  Conckete  Bucket. 

and  in  being  hoisted  it  closed  the  passage  between  the  shaft  and  the 
lock,  and  operated  a  lever  opening  a  gate  and  dumping  the  bucket. 

Type  No,  IV,  used  on  the  two  intermediate  shafts,  was  called 
the  Pagnard,  having  been  designed  by  M.  Pagnard,  superintendent 
of  the  work.  The  bucket  used  in  this  lock  carried  80  liters  or  about 
3  cubic  feet,  and  on  reaching  the  top  operated  a  lever  which  0[>ened 
a  valve  to  the  air.  As  soon  as  the  men  outside  heard  the  noise  of 
the  air  escaping,  they  closed  the  door  between  the  lock  and  the  shaft 
and  as  soon  as  atmospheric  pressure  was  reached  in  the  lock,  the  out- 
side door  was  opened  and  the  bucket  dumped.  Owing  to  the  counter- 
weights employed  and  the  counter-pressure  of  the  air,  the  maneuvers 
were  all  easily  carried  on. 

The  method  of  filling  the  caisson  with  concrete  (Fig.  426)  consisted 
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of  depositing  it  through  gravity  mixing  tubes  with  a  charging  air- 
lock connecting  with  the  air-shafts.  After  two  adjoining  sections 
were  in  place,  the  intervening  space  was  closed  by  the  movable 
panels  or  forms  shown  in  Fig.  427,  and  the  concrete  deposited  under 
water  with  the  narrow  bottom-dumping  bucket  (Fig.  438)  to  fill  up 
the  space,  which  varied  from  about  16  inches  at  the  bottom  to  sev- 
eral feet  at  the  top. 

During  the  progress  of  the  work  many  experiments  were  conducted 
to  determine  the  maximum  cajiacity  of  the  foundation.    The  device 
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Fio.  429.— CiAY  Beasing  Testino  Apparatus,  Antwerp. 

employed  is  shown  in  Fig.  429,  the  block  A  being  wedged  against  the 
roof  of  the  caisson,  and  this,  together  with  the  square  timber,  had  a 
knife  bearing  on  metal  plates  on  the  lever  B.  This  lever  carried  at 
its  outer  end  a  scale  platform  on  which  weights  were  placed  to  deter- 
mine the  compression  on  the  bottom,  the  amount  of  this  compression 
being  determined  by  proportion,  after  measuring  the  distance  mn 
at  the  end  of  the  lever  as  it  changed.  The  resulting  maximum  load 
determined  by  this  device  amounted  to  8.96  tons  per  square  foot, 
which  showed  that  the  amount  originally  adopted  as  the  safe  load 
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had  been  a  proper  one.     The  unit  stresses  and  data  originally  adopted 

for  this  work  are  given  in  the  following  list : 

p  -3.J  +o.ai*, 

t  -kUosmns  per  aquwe  ceatimeter.    CProbabI;  not  to  exceed  4.5  k.  per  iqiure  c.c. — 

Author.] 
h  -depcb  of  [oundalion  bed  below  bed  at  (tream  in  meteri. 
IThij  iseipresied  aBfeljF  for  lona  pet  square  foot,  *— 3,4+0.07*.     But  not  to  eiceed  s  T.  per 
■qoBre  foot.     A  -depth  in  feet  bdow  bed  of  itraum  (lee  Table  L).— Author.] 


Coefficient  of  frictioa,  muoory  on  dair o.j 

Weight  per  cubic  meter  of  fiU  bwk  of  wall 

1800  tm. 

dt  pereubic  yard.) 

SCHEDULE   OP   PRICES,  ANTWERP   QUAY    1 


Boundary  walli 

Side  channel* 

Bridget  and  footbridges 

Fenderi.  bollards,  and  mooringt. . 
Ladden 

Aqnedocta 

Bulk  protectiOD 

Administration.  Initallalioni.  etc, . 

Total 

Itnprovement,  total  per  lineal  foot 
Quay  wall  alone  per  Uneal  foot . . . . 
Total  improvement  including  all  cl 
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MuooT)'  above  bue.  EL  +i.i>a  to  +t:So: 

Above  coMt  would  probibly  be  exceeded  by  so% 

n  the  United  Sutei. 

DIMENSIONS   OF  ANTWERP  PNEUMATIC   WORK 


Cai»ons.  regoUf  (64): 

Lu-gc  ALr-loclis.     Dome  Top: 

MiterUI  Lock.: 

Angle  iioni — equivali 


-lA  xiAxAi 


-31    Xll    Xftin. 


Aln. 

3.5  Ft. 


■TO   INCHES.     (Ne* 
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The  considerations  that  must  be  taken  account  of  in  the  design 
of  harbors  and  particularly  in  founding  breakwaters  are  the  physical 
and  geological  data  along  the  shore;  the  slope  of  the  shore  and  the 
distance  to  deep  water;  the  extreme  depth  in  which  work  has  to  be 
carried  on;  the  force  of  the  waves  due  to  the  exposure  of  the  coast, 
together  with  the  angle  of  the  waves  to  the  coast  and  the  break- 
water; and  the  data  of  tides,  such  as  their  range,  direction  and  force. 

The  study  of  the  geology  will  determine  the  character  of  the 
construction  to  be  used,  and  while  occasionally  the  bottom  will  be 
found  hard  enough  to  use  heavy  concrete  blocks,  either  directly  on 
the  bottom  or  after  it  has  been  leveled  off  with  concrete  in  bags 
as  at  New  Haven,  more  often  mounds  of  large  riprap  must  be 
employed  to  withstand  the  impact  of  the  waves. 

The  force  of  waves  as  observed  by  Thomas  Stevenson  at  Skerryvore 
lighthouse  on  the  Atlantic,  in  the  year  1845,  reached  6083  pounds 
per  square  foot  in  the  greatest  stonn,  the  winter  average  being 
2086  pounds,  and  the  summer  average  being  only  611  pounds.  The 
force  observed  at  the  Bell  Rock  light  on  the  German  Ocean  was 
J013  pounds. 

The  placing  of  the  material  for  breakwaters  is  often  carried  out 
by  the  construction  of  a  timber  trestle  from  which  to  dump  the  rock 
from  the  cars  on  which  it  has  been  hauled  from  the  quarry,  or  on 
which  it  has  been  placed  from  vessels  by  the  aid  of  derricks;  or  it 
may  be  placed  directly  by  huge  Titan  cranes  from  the  vessels;  or 
lastly  placed  or  dumped  directly  from  scows.  The  full  discussion 
of  the  construction  of  breakwaters  will  not  be  attempted  in  this 
work,  and  the  reader  is  referred  to  the  discussion  in  CivU  Engineering 
by  Vemon-Harcourt. 

The  cost  of  breakwaters  per  hneal  foot  is  given  for  a  few  instances 
in  the  following  list : 

Marseilles,  30  to  36  ft $348  per  lin.  ft. 

Marseilles  (new),  30  to  40  ft 528 

Portland,  Eng.,  48  to  60  ft 561  (con\-ict  labor) 

Algiers,  36  to  54  ft 590  (large  beton  blocks) 

Holyhead  18  to  42  ft 790 

Alderney,  20  feet  depth 822 

Plymouth,  40  to  45  ft 967 

Dover,  40  to  50  ft 1740 

The  construction  of  breakwaters  with  riprap  rock  has  been  dis- 
cussed to  a  considerable  extent  in  Chapter  XXIV,  and  only  a  few 
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examples  need  be  given  to  illustrate  more  fully  the  cross-sections 
that  are  used  to  withstand  the  terrific  force  of  the  waves  during 
great  storms.  The  Holyhead  breakwater  (Fig.  430)  is  founded  on  a 
riprap  or  rubble  base  400  feet  in  width  which  acts  as  a  foundation 
for  the  masonry  wall  surmounting  it.  The  Plymouth  breakwater 
(Fig.  431)  has  a  base  325  feet  wide  which  acts  as  a  foundation  for  the 


F16.  430.— Holyhead  Breakwater. 

masonry  paving  of  the  crest.  Where  harder  bottom  is  encountered, 
concrete  blocks  of  large  size  are  often  built  into  a  rough  wall  forming 
both  the  base  and  superstructure  of  a  breakwater.  The  breakwater 
in  Osaka  Harbor  (Fig.  432)  is  constructed  with  a  rubble  or  riprap 
fcundation  as  shown  in  Fig.  433,  which  also  shows  the  superstructure 
wail,  constructed  of  concrete  blocks  placed  with  a  floating  derrick. 


Fic.  431. — Plyi 


The  method  of  preparing  the  foundation  and  constructing  break- 
waters is  such  an  important  one  that  the  able  paper  by  Henry  C. 
Ripley  published  in  the  Transactions  of  the  American  Society  of 
Civil  Engineers  is  given  as  reciting  the  best  methods  that  can  be 
employed : 

Introduction. — Within  the  last  twenty-five  years  a  method  of  jetty 
construction  has  been  developed  in  the  United  States,  which,  for 
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stability  and  economy,  has  never  before  been  approached  as  far  as 
the  writer  is  aware.  As  no  complete  description  of  this  method  has 
ever  been  published,  it  is  the  writer's  purpose  to  discuss  it  in  detail, 
in  accordance  with  its  most  recent  development,  and  give  the  reason 
for  each  detail,  so  that  those  who  are  unfamiliar  with  work  of  this 
class  may  appreciate  its  utility.  The  order  of  construction  by  which 
bar  advance  may  be  minimized,  if  not  wholly  prevented,  will  also 
be  described. 


Pio.  431. — Osaka  Hakbor  and  Breakwater. 

Explanation  and  Definitions. — A  jetty  consists  of  the  four  distinct 
elements:  the  foundation,  the  core,  the  side-blocks,  and  the  crest 
or  cap  blocks.  That  portion  above  the  foundation,  taken  tt^ether, 
is  the  superstructure.  The  foundation  is  a  thin  layer  of  stone — 
usually  about  3  feet  thick — of  the  full  width  of  the  jetty;  that  part 
projecting  beyond  the  superstructure  is  called  the  apron.  The 
core  is  the  interior  portion  of  the  superstructure,  and  the  crest-blocks 
and  side-blocks  are  the  large  blocks  of  stone  covering  the  crest  sides 
of  the  core.  A  section  of  the  superstructure  will  have  the  form  of  a 
trapezoid.    The  slopes  of  the  sides  will  be  such  as  the  stone  assumes 
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in  placing,  and  will  vary  according  to  the  degree  of  exposure  to  wave 
action  and  the  size  of  stone  used.  Generally,  however,  they  may 
be  kept  within  the  limits  of  one  horizontal  to  one  vertical  (i  :  i)  and 
two  horizontal  to  one  vertical  (2  :  i).  The  slopes  will  generally  be 
unequal,  because  one  side  will  usually  have  greater  exposure  to  the 
waves  than  the  other.    The  top  width  will  vary  with  the  degree  of 


FlO.   433.— B  BEAK  WATER,   OsAKA,   JaPAM. 

exposure  to  wave  action,  but  it  should  not  be  less  than  10,  or  more 
than  20  feet.  If  the  latter  figure  is  exceeded,  it  will  indicate  cither 
improper  construction  or  unusual  exposure  to  wave  action.  Naturally 
the  width  at  the  bottom  will  depend  on  that  at  the  top,  the  side 
slopes  and  the  height  of  the  work.  The  volume  of  material,  and 
hence  the  cost  of  the  completed  work,  will  vary  with  the  top  width, 
the  side  slopes,  and  the  height;  therefore  it  is  important  to  prevent 
these    dimensions    from    assuming    unnecessary    proportions.     To 
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be  sure,  the  height  of  the  jetty  will  depend  on  the  depth  of  the  water 
where  it  is  located,  and  this  cannot  be  controlled.  However,  by 
preventing  scour  in  advance  of  the  work,  under-scour  by  cross- 
currents through  or  under  it,  and  the  undermining  of  the  sides  by 
wave-action  or  longitudinal  scour  by  current  action,  much  may  be 
done  to  curtail  the  height  which  might  be  necessary  were  these  details 
neglected. 

Before  proceeding  further  it  will  be  useful,  and  necessary  to  a 
clear  understanding,  to  define  the  different  classes  of  stone  entering 
into  the  construction.     These  are  as  follows: 

Small  Riprap. — This  consists  of  small  irregular  pieces  of  stone, 
each  weighing  from  lo  to  loo  pounds,  which  may  be  handled  by 
one  man;  it  is  sometimes  called  "  one-man  stone." 

SpaUs  or  Chips. — These  are  pieces  of  stone  smaller  than  the 
small  riprap  and  are  usually  handled  with  a  shovel. 

Large  Riprap.— T)\\s  consists  of  irregular  pieces  weighing  from 
rod  to  1500  pounds,  or  even  more,  of  almost  any  shape  which  the 
quarry  will  produce,  although  very  thin  and  flat  pieces  are  objection- 
able because  they  tend  to  bread  into  pieces  in  placing  and  it  is 
impossible   to  make  a  good  bond  with  them. 

Large  Blocks. — These  consist  of  more  or  less  regular  pieces  of 
stone,  weighing  from  i  to  10  tonSf  or   more. 

Method  of  Construction.— The  foundation  must  be  constructed 
first.  It  is  made  of  small  riprap,  large  riprap  and  spalls.  There 
must  be  enough  large  riprap  to  hold  the  small  riprap  in  place  against 
wave  action,  and  enough  spalJs  to  fill  the  voids  in  the  riprap  and 
prevent  the  undermining  effects  of  cross-currents  by  working  through 
and  under  the  mass.  It  must  also  be  of  sufficient  thickness  to  pre- 
vent the  breaking  waves  from  jetting  through  the  mass,  and  washing 
out  the  sand  from  under  it.  A  liberal  allowance  of  spalls  will  always 
assure  a  secure  foundation  against  current  and  wave  action  through 
the  mass.  Where  wave  action  is  very  great,  it  is  necessary  to  place 
the  small  riprap  first  and  cover  it  with  the  large  riprap,  in  order  to 
hold  it  in  place,  the  voids  in  the  latter  being  filled  with  small  riprap. 
Where  wave  action  is  not  great,  the  large  riprap  may  be  dispensed 
with  and  the  thickness  reduced. 

In  fixing  the  width  of  the  foundation,  two  things  must  be  con- 
sidered, namely,  the  width  of  the  base  of  the  superstructure  and  the 
width  of  the  apron.  The  first  will  depend  on  the  height  and  on  other 
conditions  which  will  be  discussed  later.  The  width  of  the  apron 
must  be  such  as  to  provide  for  any  undermining  and  settlement 
due  to  overfall  during  or  after  the  completion  of  the  whole  work, 
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and  for  that  due  to  scour,  principally  along  the  channel  face.  The 
probable  depth  of  scour  can  generally  be  predicted  with  ^  considera- 
ble degree  of  certainty,  and,  by  watching  the  results  as  the  work  pro- 
gresses, the  amount  of  deepening  caused  by  overfall  may  be  closely 
approximated  for  ordinary  conditions.  For  those  extraordinary 
conditions  which  are  due  to  great  and  unusual  storms,  the  results 
are  more  problematical.  However,  the  direction  from  which  great 
storms  come  is  generally  known,  and,  therefore,  the  side  of  the  jetty 
on  which  the  overfall  effect  will  occur.  When  this  happens  to  be 
on  the  channel  side,  the  provision  for  channel  scour  will  have  provided 
sufficiently  for  any  action  due  to  overfall  which  is  likely  to  occur. 
Where  there  are  two  jetties,  the  one  suffering  from  overfall  on  the 
outside  will  be  in  the  lee  of  the  other  jetty,  and  the  effect  will  be  thereby 
diminished.  It  will  generally  be  found,  therefore,  that  the  maximum 
overfall  effect  occurs  in  advance  and  during  the  building  of  the  super- 
structure. When  once  commenced  the  construction  of  the  founda- 
tion should  be  pushed  as  rapidly  as  practicable,  for  any  delay  will 
permit  scour  at  the  unfinished  end,  which  must  afterward  be  filled 
in  with  stone,  and  any  deficiency  in  the  full  width  may  permit  the 
edges  to  drop  down,  and  additional  stone  will  be  needed  to  restore 
the  loss  in  height.  Any  temporary  deficiency  in  width  which  may  be 
necessary  in  the  course  of  constniction,  therefore,  should  be  confined 
to  the  apron,  where  a  moderate  settlement  will  entail  no  loss,  that 
is,  beyond  the  base  of  the  superstructure  and  berm.     - 

Super slmcluTe.— On  the  completion  of  the  foundation,  the  super- 
structure may  be  commenced,  or,  in  some  cases,  it  may  be  commenced 
before  the  entire  completion  of  the  foundation.  This  will  be  when 
its  building  up  will  not  cause  an  increase  in  the  cross-currents  in 
advance  of  the  foundation,  and  where  the  concentration  of  the  out- 
ward flow  is  not  likely  to  cause  advance  scour. 

The  first  portion  to  be  constructed  is  the  core,  which  is  composed 
of  large  and  small  riprap  and  spalls.  The  small  riprap  and  spalls 
secure  tightness,  and  the  large  riprap  prevents  the  small  riprap 
from  spreading  out  and  flattening  the  slope  on  account  of  wave 
action.  The  flattening  of  the  slope  means  greater  volume,  and 
therefore,  increases  the  cost  of  the  work. 

Where  the  water  is  deep,  or  where  there  is  little  wave  action,  the 
core  may  be  commenced  by  depositing  the  stone  along  the  axis  of 
the  superstructure,  using  large  and  small  riprap  and  spalls  in  such 
proportions  that  the  small  riprap  will  fill  the  voids  in  the  large  rip- 
rap, and  the  spalls  will  fill  those  in  the  small  riprap.  As  the  core 
of  the  wall  approaches  the  elevation  of  low    tide,  or,  say,  within 
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3  feet  of  that  plane,  this  form  of  construction  will  not  suffice  to 
prevent  the  stone  from  spreading  out  and  flattening  the  side  slope. 
When  this  stage  is  reached,  the  sides  of  the  work  must  be  covered 
with  large  riprap  which  must  be  brought  up  to  a  height  above  the 
general  level  of  the  work  in  two  ridges  parallel  with  the  axis  of  the 
superstructure.  The  space  between  these  two  ridges  will  then  be 
filled  with  small  riprap  and  spalls,  and,  in  some  cases,  it  may  be 
necessary  to  use  also  some  large  riprap,  in  order  to  prevent  the  smaller 
stones  from  being  washed  out  by  the  waves.  Then  the  ridges  must 
be  raised  again,  and  the  space  between  them  filled  as  before.  This 
process  must  be  continued  until  the  proper  height  of  the  core  is 
reached,  the  top  having  been  completely  covered  with  large  rip- 
rap. This  height  should  be  such  that,  with  the  addition  of  the  crest- 
blocks,  the  work  will  be  brought  to  the  full  height  required  for  the 
superstructure  after  consolidation  has  taken  place. 

The  allowance  for  consolidation  is  largely  a  matter  of  judgment. 
It  will  depend  on  the  height  of  the  wall,  the  character  of  the  stone 
used,  the  intensity  of  wave  action  during  construction,  the  number  of 
unfilled  voids  in  the  mass,  and  the  pounding  it  is  likely  to  receive 
from  storm  waves  subsequent  to  completion.  The  pounding  of  waves 
on  a  mass  of  stone  sets  up  a  vibration  which  causes  the  points  of  con- 
tact of  the  different  pieces  to  rub  on  each  other,  and  Uiis,  by  wear- 
ing away  the  stone,  permits  the  mass  to  consolidate.  When  this 
process  has  been  continued  for  a  certain  length  of  time,  however, 
this  vibration  becomes  ineffectual  in  reducing  the  bulk,  the  structure 
practically  ceases  to  shrink,  and  the  mass  becomes  stable.  Mod- 
erate wave  action  on  the  work  during  construction  is  not  an  unmixed 
evil,  as  it  helps  the  stones  to  pack  together  and  consolidate,  and 
thus  the  subsequent  shrinkage  is  reduced.  The  more  nearly  water- 
tight the  jetty  is  made,  the  more  efficient  it  will  be  because  there  will 
be  less  leakage  and  waste  of  the  water  which  its  purpose  is  to  con- 
strain, and  because  of  the  smaller  quantity  of  sand  which  can  pass 
through  it  to  the  injury  of  the  channel. 

Having  regard  for  these  considerations,  the  allowance  for  con- 
solidation will  vary  from  6  inches  to  a  feet;  but,  where  the  work  is 
subjected  to  the  usual  wave  action  during  construction,  the  shrinkage 
will  rarely  exceed  i  foot. 

As  soon  and  as  fast  as  the  core  is  finished,  the  side  and  crest- 
blocks  should  be  placed,  for  otherwise  a  severe  storm  would  damage 
the  uncompleted  work.  The  side-blocks  should  be  placed  one  at  a 
time,  and  allowed  to  roll  down  until  the  sides  are  completely  covered 
from  the  bottom  up  to  about  the  elevation  of  low  tide.    Above  this 


D.qit.zeaOvGoOt^lc 


FOUNDATIONS  FOR  DAIK,  SEAWALLS,  AND  BREAKWATERS    625 

elevation  each  block  must  be  carefully  placed  so  as  to  fit  as  closely 
together  as  practicable.  As  soon  as  the  top  is  reached,  the  surface 
of  the  core  must  be  leveled  up  with  small  riprap,  and,  if  there  has 
been  any  loss  in  height  by  the  washing  down  of  the  crown,  the  proper 
elevation  must  be  restored  before  capping.  The  cap-blocks  will 
then  be  selected,  using  only  those  pieces  which  will  give  the  proper 
height  to  the  crown,  and  these  should  be  placed  so  as  to  leave  as 
little  of  the  sides  as  practicable  exposed  to  the  waves.  The  side- 
blocks  should  be  disposed  in  relation  to  the  cap-blocks  so  that  the 
waves  will  glide  over  the  latter  rather  than  strike  with  full  force 
against  their  sides.  When  these  blocks  are  properly  placed,  the 
surface  of  the  core  is  completely  covered,  and  when  the  inevitable 
shrinkage  due  to  consolidation  takes  place,  these  blocks  wedge 
themselves  together  in  such  a  way  that  the  heaviest  stonn  waves 
cannot  dislodge  them. 

Where  one  side  of  the  structure  has  greater  exposure  to  wave 
action  than  the  other,  the  larger  blocks  will  be  placed  on  that  side, 
and,  as  the  greatest  force  of  the  waves  is  exerted  on  that  portion  of  ■ 
the  work  above  the  plane  of  low  tide,  much  care  must  be  taken  in 
building  this  portion.  This  is  greatly  facilitated,  however,  by 
the  fact  that  it  is  always  exposed  to  view  at  low  water,  and  there 
can  be  no  uncertainty  as  to  the  position  of  each  and  every  block. 

Slone.— The  character  of  the  stone  to  be  used  in  a  work  of  this 
nature  is  of  considerable  importance.'  Hardness  and  weight  are 
prime  requisites,  especially  for  the  side  and  crest-blocks,  and,  for 
these,  granite,  gneiss,  limestone,  sandstone,  or  other  stone  of  con- 
siderable specific  gravity,  should  be  used.  The  value  of  a  stone  to 
resist  wave  action  varies  directly  with  its  weight  under  water  and 
inversely  with  its  surface  exposure.  Its  value  depends  on  its  specific 
gravity,  and  to  an  extent  which  is  not  always  fully  realized.  Sup- 
pose two  stones,  A  and  B,  each  having  the  same  weight  (say,  i  metric 
ton  or  looo  kg.  in  air),  A  having  a  specific  gravity  of  2.1,  and  B  a 
specific  gravity  of  2.7.  Then  A  will  have  a  weight,  under  salt  water, 
of  496  kg.,  and  will  displace  504  kg.  of  water,  while  B  will  have  a 
weight  of  608  kg,,  under  the  same  conditions,  and  will  displace  392 
kg.  of  water.  Then  B  will  have  a  weight  under  water  22J  j)er  cent, 
greater  than  A,  a  volume  of  22  per  cent.  less,  and  a  surface  exposure 
to  wave  action  15^  per  cent,  less  than  A.  Therefore,  it  will  have 
38  per  cent,  more  stability  or  power  to  resist  wave  action  than  A, 
while  its  weight  in  air  is  exactly  the  same. 

For  the  foundation  and  core  there  is  not  the  same  economy  in  the 
use  of  heavy  stone,  but  the  large  riprap  (the  main  purpose  of  which 
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is  to  resist  wave  action),  if  of  high  specific  gravity,  will  enable  the 
core  to  be  built  with  a  steeper  side-slope,  and,  therefore,  will  con- 
duce to  economy  in  the  quantity  of  stone  required  for  a  given  work. 
For  this  reason  a  limestone  is  generally  preferred  to  a  sandstone  of 
the  same  grade  as  to  hardness,  because  of  its  greater  specific  gravity. 
For  a  foundation  in  deep  water  and  for  the  interior  of  a  core,  a  stone 
of  less  hardness  is  not  altogether  objectionable,  because  the  chips 
which  result  from  handling  help  to  reduce  voids  and  consolidate  the 
work  sooner.  In  some  cases,  the  use  of  a  stone  of  small  specific 
gravity  for  the  foundation  will  give  satisfactory  results,  with  some 
economy  in  tonnage. 

Order  of  Construciion. — ^When  jetties  are  designed  to  control  the 
flow  of  water  across  a  sand-bar,  the  order  of  construction  is  of  vital 
importance.  The  order  in  which  the  material  should  be  put  into 
the  work  has  already  been  given  under  "  Method  of  Construction," 
It  is  here  proposed  to  consider  whether  the  work  should  be  buUt  from 
the  shore  outward  or  from  the  outer  end  shoreward. 

Suppose  that  two  parallel  jetties  are  to  be  constructed  at  the 
mouth  of  a  river,  or  at  the  entrance  of  a  tidal  harbor,  to  extend  from 
the  shore  out  across  the  bar;  and  suppose  that  the  foundation  of  each 
has  already  been  constructed.  The  position  of  the  bar  is  determined 
by  the  equilibrium  of  the  forces,  one  set  of  which  tends  to  push  it 
seaward,  while  another  tends  to  push  it  back  toward  the  gorge. 
When  these  forces  are  equal,  the  distance  of  the  bar  from  the  gorge 
is  constant. 

If  the  superstructure  is  commenced  at  the  shore  ends  and  extended 
toward  the  outer  ends,  it  will  have  the  effect  of  advancing  the  gorge 
toward  the  bar,  with  the  resulting  advance  of  the  latter.  If  the  work 
progresses  rapidly,  the  jetties  may  overtake  the  bar  advance  and 
get  across  it,  but  such  a  result  will  always  be  at  the  cost  of  a  con- 
siderable extension  of  the  jetties  beyond  that  originally  required. 
If  the  work  of  construction  progresses  slowly,  the  jetties  may  never 
reach  and  cross  the  bar,  and  the  expenditure  may  become  so  great 
that  the  project  may  be  abandoned  without  accomplishing  the  pur- 
pose for  which  it  was  designed. 

If,  however,  the  construction  of  the  superstructure  be  com- 
menced at  the  outer  end  of  the  jetties  and  continued  shoreward, 
there  can  be  no  gradual  advance  of  the  gorge  toward  the  bar  with 
the  consequent  bar  advance.  On  the  contrary,  as  the  completed 
work  is  extended,  the  waterway  will  suffer  a  contraction,  the  old 
gorge  will  disappear,  and'  a  new  one  will  be  established  at  the  outer 
end  of  the  jetties  at  a  point  beyond  the  crest  of  the  bar.    With  the 
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increasing  contraction  of  the  waterway,  there  will  be  an  increased 
current,  both  between  the  jetties  and  laterally  through  the  gaps 
between  the  completed  work  and  the  shore  on  either  side  of  the  chan- 
nel; but,  as  the  foundation  work  of  the  jetties  will  prevent  enlarge- 
ment' laterally,  deepening  of  the  channelway  between  the  jetties 
will  be  inaugurated,  and,  as  the  greatest  tendency  to  scour  will  be 
at  the  outer  end  of  the  jetties,  deepening  will  commence  at  this  point 
and  extend  backward  with  the  advance  of  the  completed  work 
shoreward.  The  material  thus  eroded  from  the  channelway  will 
be  carried  beyond  the  outer  ends  of  the  jetties,  where  it  will  be 
either  swept  to  one  side  by  the  littoral  current  or  deposited  in  the 
deep  water  farther  out. 

Another  advantage  in  working  from  the  outer  end  toward  shore 
is  the  facility  afforded  in  construction.  The  work  will  thus  be 
carried  on  in  the  lee  of  the  linishcd  structure,  and  in  this  way  the 
number  of  jjossible  working  days  is  considerably  increased.  Where 
the  work  is  being  done  with  a  floating  plant,  this  increase  in  avail- 
able working  days  may  amount  to  from  go  to  loo  per  cent.,  with 
a  corresponding  saving  in  operation  expense.  Even  where  the  work 
is  being  done  by  using  a  trestle,  the  construction  is  greatly  facili- 
tated by  being  in  the  lee  of  the  linished  work,  and  much  time  may 
be  utilized  which  otherwise  would  be  lost. 

For  a  single  curved  jetty,  a  detached  breakwater,  or  a  training 
wall,  where  waves  and  current  are  encountered,  the  same  general 
method  and  order  of  construction  should  be  followed. 

Where  the  conditions  are  favorable  for  the  construction  of  a 
trestle  along  the  site  of  the  work  and  the  cars  of  stone  are  run  directly 
on  it,  a  most  convenient  method  of  construction  is  furnished.  It 
enables  the  work  to  be  carried  on  during  weather  which  might  be 
so  rough  that  it  would  prevent  the  use  of  a  floating  equipment. 
It  also  enhances  to  a  considerable  extent  the  rate  of  progress.  The 
floating  equipment,  however,  is  very  convenient  for  placing  the 
foundation,  and,  on  a  large  work  a  combination  of  the  two  systems 
may  prove  advantageous.  It  is  beyond  the  province  of  this  paper, 
however,  to  enter  into  the  subject  of  the  method  of  handling  the 
stone.    Either  method  will  give  entirely  satisfactory  results. 
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FOUNDATIONS   FOR   DOCKS    AND    LOCKS 

The  building  of  the  foundations  for  drydocks  and  locks  has 
probably  caused  more  trouble  and  financial  loss  than  any  other 
kind  of  foundation  work.  In  the  case  of  drydocks  this  has  been 
due  first,  to  the  very  great  loads  that  have  to  be  supported;  second, 
to  the  generally  inadequate  borings;  and  third,  to  the  very  insuffi- 
cient coffer-dams  that  are  usually  constructed  around  the  entrance 
to  the  docks. 

The  first  difficulty  due  to  carrying  the  enormous  loads  can  be  taken 
care  of  by  careful  engineering  design,  provided  the  exact  character 
of  the  bottom  has  been  predetermined.  Where  the  bottom  is  soft, 
piling,  of  course,  must  be  driven  and  properly  spaced  to  carry  the 
loads  of  the  dock  and  vessel  with  at  least  a  factor  of  safety  of  six. 
The  distribution  of  the  load  over  the  piling  is  nearly  always  effected 
by  an  exceedingly  thick  base  of  concrete.  The  spacing  of  the  piles 
and  the  thickness  of  the  bottom  are  shown  in  Fig.  434  for  the  Gov- 
ernment Drydock  at  League  Island,  Pa.,  a  discussion  of  which  will 
be  given  under  the  description  of  that  work.  Where  piling  are  not 
employed,  the  load  must  be  distributed  by  a  thick  bed  of  concrete, 
or  else  steel  reinforcing  used  to  properly  strengthen  the  bottom 
concrete  where  there  is  any  considerable  likelihood  of  settlement. 

The  second  difficulty  may  be  largely  obviated  by  making  core 
borings  as  described  in  Chapter  XXII,  instead  of  depending  on  wash 
borings,  or  some  other  unreliable  method. 

The  third  difficulty,  due  to  a  poor  coffer-dam,  may  be  obviated 
in  one  of  two  ways.  The  coffer-dam,  if  used,  should  be  as  carefully 
studied  out  and  as  carefully  designed  as  any  portion  of  the  permanent 
work,  or  else  if  it  seems  probable  that  a  coffer-dam,  by  reason  of 
the  great  head  and  the  poor  material  in  which  it  is  to  be  built  will 
be  a  failure,  the  dock  should  be  constructed  without  a  coffer-dam, 
as  was  in  one  case  proposed  by  the  author,  and  also  used  at  Kobe, 
Japan,  a  description  of  which  is  given  in  this  chapter. 
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The  author's  connection  in  a  consulting  capacity  with  the  construc- 
tion of  three  large  docks,  and  an  intimate  knowledge  of  the  construc- 
tion ol  others  has  served  to  emphasize  the  foregoing  matters  very 
forcibly.  One  of  the  docks  was  enclosed  by  a  very  simple  but  very 
weli-designed  coffer-dam,  and  due  largely  to  the  fact  that  the  char- 
acter of  the  bottom  was  well  known,  very  little  trouble  resulted, 
except  that  by  additional  expense  on  the  coffer-dam  the  amount 
of  pumping  could  have  been  very  materially  reduced. 

In  another  case  the  bottom  was  soft  mud,  and  the  coffer-dam 
was  constructed  of  two  rows  of  sheet  and  round  piles  braced, 
and  firmly  tied  together.  The  space  between  was  fiUed  with  fairly 
good  puddle  and  the  material  banked  up  on  both  sides.  The  site 
for  the  dock  had  been  first  excavated  with  a  suction  dredge,  and  when 
the  attempt  was  made  to  pump  out  the  excavation  the  coffer-dam 
gave  way,  due  mainly  to  the  bottom  being  too  soft  to  hold  the  piling. 
Had  a  series  of  cribs  been  sunk  and  filled  with  puddle,  sheet-piling 
driven  on  both  sides  of  the  cribs,  and  the  puddle  material  banked  up 
on  each  side,  a  coffer-dam  would,  in  all  probabihty,  have  been  suc- 
cessful. After  the  failure  of  the  coffer-dam  the  author  recommended 
one  of  two  things:  first,  to  construct  a  coffer-dam  at  the  middle 
of  the  dock  so  as  to  construct  it  in  two  sections,  building  the  out- 
side coffer-dam  while  the  first  section  of  the  dock  was  being  built; 
or  else  to  abandon  the  coffer-dam  idea  entirely,  to  drive  all  the 
foundation  piling  with  followers,  to  cut  them  off  under  water  (if 
necessary),  and  deposit  the  entire  concrete  for  the  dock  by  tr&nies 
in  forms  set  by  divers  without  any  pumping  being  done  until  the  dock 
itself  could  be  pumped  out  and  be  properly  finished  on  the  inside. 
The  work  done  at  Kobe  by  this  method  was  described  just  at  this 
time,  and  was  a  strong  argument  in  favor  of  this  method.  Two 
plans  were  finally  submitted  for  consideration — one  being  a  sheet- 
pile  box  around  the  entire  dock,  braced  with  an  elaborate  system 
of  timber  struts,  and  the  other  one  the  method  Just  described  for 
building  the  dock  under  water.  Owing  to  a  change  of  contractors, 
the  sheet-pile  method  was  adopted,  but  undoubtedly  proved  to  be 
the  more  expensive  on  account  of  the  large  amount  of  pumping 
required.  The  principal  reason  for  one  of  these  methods  being  required 
was  that  along  one  side  of  the  dock  site  a  seawall  had  already  been 
built  on  a  pile  and  timber  platform  foundation,  and  an  enormous 
leakage  under  this  wall  made  it  imiwssible  to  cut  off  the  water  by 
using  only  a  crib  coffer-dam  around  the  entrance. 

A  third  case  of  trouble  in  building  a  dock  was  where  a  coffer- 
dam improperly  designed  had  been  constructed,  and  a  great  deal  of 
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trouble  occurred  that  might  have  been  obviated  by  a  properly 
constructed  one. 

A  fourth  instance  with  which  the  author  had  intimate  contact 
had  a  very  simple  coffer-dam  constructed  of  guide  piles,  wales,  two 
rows  of  tongue  and  groove  sheet-piling,  with  a  poor  class  of  puddle 
placed  between,  and  a  bank  of  sand  and  gravel  on  either  side.  The 
only  reason  why  this  coffer-dam  was  successful  was  that  it  was 
built  at  a  high  elevation  on  the  original  bottom,  and  in  a  rough 
semicircle  quite  a  distance  in  front  of  the  dock  entrance  no  that  when 
the  site  was  pumped  out  and  the  excavation  made  with  steam  shovels, 
the  excavation  did  not  approach  closely  to  the  coffer-dam,  and  no 
very  great  head  had  to  be  sustained  by  the  coffer-dam.  Had  the 
excavation  been  made  by  a  dredge  to  the  full  depth  of  the  excavation 
at  the  entrance  to  the  dock,  a  similar  coffer-dam  would  undoubtedly 
have  been  a  failure,  with  such  an  increased  head. 

A  fifth  example,  where  the  bottom  was  of  a  very  porous  coral 
formation,  trouble  could  undoubtedly  have  been'  avoided  by  adopting 
the  under-water  method  without  a  coffer-dam,  at  least  for  the  bottom 
concrete,  including  also  the  base  of  the  side  walls.  Considerable 
trouble  was  experienced  by  the  pressure  of  the  water  on  the  bottom 
through  the  porous  coral  breaking  up  the  concrete,  and  had  the 
under-water  method  been  adopted,  it  would  undoubtedly  have  been 
pecessary  to  reinforce  all  concrete  with  mats  of  reinforcing  bars 
lowered  to  place  and  properly  located  by  divers. 

The  United  States  Government  Dry  Dock  at  League  Island, 
Pa.,  (Fig.  434)  is  797  feet  6  inches  in  length,  and  102  feet  7I  inches 
wide  at  the  top.  The  piling  was  spaced  transversely  as  shown  in 
the  section,  namely,  3  feet  4  inches  center  to  center  under  the  floor 
of  the  dock,  and  2  feet  6  inches  center  to  center  under  side  walls, 
with  the  longitudinal  spacing  being  uniformly  3  feet  4  inches.  The 
thickness  of  the  concrete  over  the  top  of  the  piling  in  the  original 
design  was  9  feet,  but  this  was  changed  to  10  feet  for  the  final  con- 
struction. To  prevent  any  tiouble  from  the  up-lift  of  the  water 
underneath  the  concrete,  the  piles  underneath  the  floor  of  the  dock 
were  to  be  notched  as  shown  in  Fig,  434  (a).  In  the  author's 
opinion  the  piling  should  have  been  spaced  considerably  closer 
for  nine  or  eleven  rows  longitudinally  through  the  center  for  support- 
ing the  keel  blocks,  so  as  not  to  depend  too  much  upon  the  distribu- 
tion of  the  load  by  the  concrete.  Considerable  trouble  has  been 
experienced  on  many  docks  by  cracks  appearing  between  the  bottom 
and  the  wall  concrete.  This  has  been  taken  care  of  in  a  number  of 
designs  by  the  closer  spacing  of  the  piles  under  the  walls,  and  by  the 
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use  of  steel  reinforcing  connecting  the  bottom  and  the  wall  concrete, 
within  such  surfaces  as  were  liable  to  undergo  tension  stresses. 

The  foundation  for  the  dry  dock  at  the  Puget  Sound  Navy  Yard 
was  a  hard  cemented  gravel,  so  that  no  piling  were  necessary.  This 
dock  was  built  of  concrete  with  a  considerable  amount  of  steel  rein- 
forcing, and  the  interior  of  the  walls  (Fig.  435)  or  altars  were  lined  with 
dressed  granite. 


Fig.  436.— Kobe  Dry  Docs  Construction. 

The  description  of  the  Kobe  dock  by  Dr.  Genjiro  Yamasaki 
has  been  quoted  in  full  from  the  Engineering  News  of  September  24th 
1903.  The  different  stages  of  the  work  are  shown  in  Figs.  436  and 
437,  and  a  plan  and  longitudinal  section  of  the  completed  dock  are 
shown  in  Fig.  438. 

"  The  Kawasaki  Dockyard  is  situated  near  the  mouth  of  the  old 
Minatogawa  in  Kobe,  which  is  at  present  the  greatest  trading  port 
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of  Japan.  While  the  dockyard  was  owned  by  Government,  the 
need  of  a  dry  dock  had  already  been-  felt,  and  several  efforts  had  been 
made  to  select  a  proper  site  for  one,  but  owing  to  the  bad  nature  of 
ground  along  the  general  coast  line  of  Kobe,  the  task  of  building 
such  a  structure  was  given  up  as  an  impossible  achievement.  The 
result  was  the  construction  of  a  patent  slip  in  the  dockyard  which 
accommodated  vessels  up  to  2000  tons  and  which  is  still  in  good 
working  order.    A  few  years  after,  viz.,  in  1886,  this  dockyard  was 
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Fig.  4360. — Kobe  Dry  Dock  Constbuction. 


given  over  to  Mr.  Shozo  Kawasaki,  who  still  maintains  an  active 
interest  in  its  welfare. 

"  Owing  to  the  sudden  increase  of  trade  in  Kobe  from  about  the 
year  1893  and  to  the  consequent  increase  of  large  vessels  frequenting 
the  port,  a  dry  dock  became  an  urgent  necessity  to  meet  the  require- 
ments of  these  vessels.  Investigation  into  the  subject  was,  therefore, 
again  taken  up,  and  after  a  careful  study  of  the  nature  of  the  ground 
and  the  methods  of  dealing  with  it,  it  was  finally  decided  to  start  the 
work.  Just  at  this  time,  October,  1896,  the  dockyard,  which  had 
been  Mr.  Kawasaki's  property  for  about  ten  years,  was  transferred 
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to  a  joint  stock  company,  which  is  the  present  Kawasaki  Dockyard 
Co.,  Limited,  The  president  of  the  company  is  Mr.  Kojiro  Matsukata. 
son  of  the  ex-Premier  of  Japan,  and  the  vice-president  is  Mr.  Yoshitaro 
Kawasaki,  son  of  Mr.  Shozo  Kawasaki. 

"  The  work  was  begun  in  November,  1896,  and  the  first  vessel 
was  docked  in  June,  IQ02,  thus  taking  nearly  five  and  one-half  years 
for  its  completion.  The  general  dimensions  of  the  dock  are  given 
in  the  preceding  table. 


Fic.  437. — Kobe  Dry  Dock  Cross-sections. 


Fig.  437ii.^Kobe  Dry  Dock  Cross-sections. 


"  The  dock  accommodates  vessels  up  to  5000  tons;  its  capacity 
is  equal  to  20,760  tons  at  high  water. 

Shaku.* 

Extreme  length,  outer  caisson  stop  to  toe  of  wall  at  head 428 

Length  on  the  floor 392 

Width  of  body  at  coping  level  {narrowest  part) 79 

Width  of  entrance  at  coping  level 64 

Width  of  entrance  at  bottom 52 

Depth  of  sill  below  coping 28 

Depth  of  sill  below  high-water  spring  tide 24 

Range  of  spring  tide S . 

*  The  shaku  ia  almost  equal  Lo  the  English  foot,  it  being  equal  lo  o.^g^z-foot; 
this  article  "  fool  "  is  to  be  understood  as  a  "  shaku." 
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"  Site. — The  first  idea  was  to  buUd  the  dock  in  the  northern 
comer  of  the  yard,  but  after  considering  the  arrangement  of  work- 
shops, building  slips,  etc.,  it  was  decided  to  select  the  southeastern 
corner  for  its  site.  The  area  of  the  site  thus  chosen  being  too  small 
for  the  dock,  necessary  space  had  to  be  obtained  by  reclaiming 
the  foreshore.  As  the  easterly  wind  is  the  one  to  be  most  feared, 
the  direction  of  the  center  line  of  the  dock  was  turned  as  far  north  as 
possible,  and  that  of  the  finished  dock  is  north  46°  50'  east. 

"  Geological  Nature  of  Ground. — Two  borings  on  land,  two  borings 
on  the  foreshore,  and  one  test  pit  near  the  coast  were  driven  to  ascer- 
tain the  geological  nature  of  the  ground.  Altogether  there  is  a  shght 
inclination  of  the  strata  towards  the  sea,  their  general  arrangements 
are: 

Prom  H.  W.  spring  tide. 

(o)  to  -20ft Sand. 

From  —20  to  —45  ft Silt. 

From  —45  to  —51  ft Silt  mixed  with  sand. 

From  —51  to  —52  ft Broken  granite. 

From  —  52  to  —  73  ft Compact  sand  charged  with  water. 

"  This  —  73  feet  was  the  greatest  depth  ascertained  by  the  borings 
as  the  lower  strata  were  fairly  well  known  from  the  experience  which 
Japanese  artesian  well  borers  had  obtained  while  driving  wells  in 
the  vicinity  of  the  yard.  According  to  their  information,  this  sand 
stratum  extends  as  far  down  as  —90  feet;  then  follows  another 
layer  of  silt  about  33  feet  in  depth  to  —123  feet  below  which  there 
is  another  layer  of  compact  sand.  The  depth  of  this  sand  stratum 
is  not  known,  but  it  is  certain  that  it  extends  as  far  as  — 168  feet, 
the  lowest  limit  ever  reached  in  the  vicinity  of  the  site. 

"  The  silt  layer,  which  lies  below  the  uppermost  sand  stratum  on 
land,  forms  the  sea  bottom  on  the  sea  part.  This  silt  bottom  was  so 
soft  that,  while  the  boring  was  being  done  in  front  of  the  shore 
subsequently  reclaimed,  a  boring  rod,  accidentally  dropped,  sank 
about  12  feet  by  its  own  weight,  and  later,  while  constructing  the 
coffer-dam  in  this  part,  great  trouble  was  experienced  owing  to  the 
sliding  in  of  the  trench  made  for  the  puddle. 

"  The  test  pit,  sunk  near  the  seashore,  was  5  feet  in  diameter 
and  its  wall  was  made  of  wooden  planks  strengthened  inside  and  out- 
side with  angle  irons  and  iron  bands.  When  its  lower  extremity 
reached  —40  feet,  or  it  was  sunk  about  18  feet  into  the  silt,  the  inside 
of  the  pit  was  dried  up,  and  a  wooden  pile  was  driven.  When  the 
lower  end  of  this  pile  was  down  to  —53  feet,  water,  which  found  its 
way  along  the  pile,  appeared,  and  it  rose  so  fast  in  the  pit  that  it  was 
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filled  with  water  from  —26  feet  to  within  9  feet  of  its  top  edge 
(+1  ft.),  or  18  feet  in  fifty  minutes,  or  at  the  rate  of  about  12  tons 
per  hour.  This  water,  which  exists  in  the  stratum  of  the  compact 
sand,  has  a  sufiSdent  head  to  raise  itself  up  to  nearly  high  water  level. 
It  is  a  mixture  of  salt  and  fresh  water  and  its  level  fluctuates  in 
concord  with  the  rise  and  fall  of  the  tide  on  the  outside  sea.  These 
facts  show  that  it  has  a  connection  with  the  sea  water  in  some  way 
or  other. 

"  Coffer-dam.— The  geological  nature  of  the  ground  being  as  above 
described,  it  was  thought  almost  impossible  to  execute  the  wort  in 
the  dry,  but  as  the  first  step  for  the  work  it  was  decided  to  enclose 
the  dock  site  with  a  coffer-dam,  whose  total  length  was  1540  feet, 
and  to  adopt  a  pile  foundation,  beginning  from  one  end  and  proceed- 
ing little  by  little  and  finishing  the  concrete  bottom  as  the  work  went 
on.  The  puddle  on  the  dam  reached  —38  feet  on  the  reclaimed 
part  and  24  feet  on  the  land  part.  On  completion  of  the  dam,  which 
took  place  about  a  year  after  its  commencement,  when  the  water 
inside  was  pumped  out  to  —12  feet,  a  sinking  of  one  section  of  the 
dam  occurred,  while,  at  the  same  time,  a  pa.rt  of  the  bottom  of  the 
enclosed  site  was  forced  up  above  water  and  formed  a  small  island, 
so  to  speak. 

"  Excavation  and  Well  Sinking. — Such  being  the  case,  it  was  almost 
impossible  to  proceed  with  the  original  plan  of  working  even  if  repairs 
were  made  to  the  dam,  and  it  was  decided  to  execute  the  excavation, 
piling,  concreting,  etc.,  all  under  water.  As  the  first  step  in  this 
task,  15  cylinders,  each  12  feet  in  diameter,  were  sunk,  7  in  front 
of  the  entrance,  3  along  the  north  entrance  side  wall  and  5  along  the 
south  entrance  side  wall.  Those  sunk  in  front  of  the  entrance, 
were  taken  off  (two  of  them  partially)  to  form  the  entrance  after  the 
completion  of  the  dock.  Subsequently  a  row  of  6  cylinders,  each 
10  feet  in  diameter,  were  sunk  in  front  of  the  row  of  7  cylinders, 
and  the  space  between  these  two  rows  of  cylinders  was  partly  filled 
with  concrete  (to  —20  feet)  and  partly  with  puddle  to  serve  the  pur- 
pose of  a  dam  when  the  inside  of  the  dock  was  pumped  out  for  the 
facing.  Eight  cylinders,  sunk  along  the  side  walls,  were  embedded 
in  the  concrete  and  formed  a  part  of  the  wall.  The  space  along 
the  dock  head,  being  very  much  limited  owing  to  the  public  road, 
seven  more  cylinders  were  sunk  along  the  head,  to  serve  the  purpose 
of  retaining  earth.  The  depths  to  which  these  cylinders  were  sunk 
were  —49  feet  to  —53  feet  for  the  entrance  part  and  —48  feet  to 
—49  feet  for  the  head  part. 

"  The  cylinders  were  of  composite  construction  of  wood  and  brick. 
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the  lower  24  feet  (18  feet  in  lo-foot  cylinders)  being  made  of  wood, 
and  the  upper  24  to  29  feet  of  brick.  They  were  all  filled  with  con- 
crete after  sinking  was  completed. 

"  While  the  cylinder  sinking  was  executed  on  one  hand,  excavation 
was  carried  on  on  the  other,  which  was  all  done  by  a  Priestman 
dredger  and  steam  winches.  The  depth  of  the  excavation  was 
—41  feet  along  the  center  line,  gradually  rising  to  —38  feet  at  the 
^des;  where  the  pumping  chamber  and  rudder  well  came,  they  were 
excavated  to  —43  feet.  The. section  No.  i,  Fig.  436  shows  the 
form,  when  the  excavation  was  completed;  this  section  also  shows 
the  general  arrangement  of  the  geological  strata. 

"  Pile  Driving. — After  the  excavation  was  finished,  as  the  neces- 
sary preparation  for  pile-driving,  a  temporary  staging  (Fig.  436)  was 
erected  all  over  the  site,  the  posts  of  which  were  driven  at  a  distance 
of  12^  feet  both  ways.  Beams  and  cross  beams  being  fixed  on  these 
posts,  rails  were  laid  lon^tudinally,  on  top  of  which  frames  for  sup- 
porting pile  drivers  ran.  Rails  being  laid  on  the  upper  face  of  these 
frames,  pile  drivers  were  able  to  move  transversely;  thus  pile  drivers 
could  be  moved  both  longitudinally  and  transversely  with  respect 
to  the  dock.  Nine  drivers  were  used,  and  for  their  working  11 
steam  winches  were  set  along  the  north  side  of  the  dock  site, 

"  The  lengths  of  the  piles  ranged  from  22  to  25  feet,  though  at 
special  places  piles  of  over  30  feet  were  used,  and  theh  diameter  at 
the  smaller  end  was  Sj  inches.  They  were  driven  2j  feet  center  to 
center  both  ways.  In  addition,  close  piles  of  similar  size  were  driven 
all  round  the  site  to  provide  against  the  escape  of  silt.  They  were 
all  of  pine  and  the  total  number  of  both  foundation  and  dose  piles 
was  a  little  over  10,000. 

"  The  rails  on  top  of  the  staging  being  laid  just  at  about  high  water 
level  and  tlie  lengths  of  the  piles  being  such  as  above  sated,  it  became 
necessary  to  use  false  piles  for  driving,  which  were  38  to  41  feet  in 
length.  Where  timber  is  abundant  such  an  awkward  procedure 
of  using  false  piles  might  not  have  been  adopted;  but  here  long  piles 
are  comparatively  scarce  and  consequently  dear,  which  condition 
led  to  the  adoption  of  the  method  above  mentioned.  Of  course 
the  use  of  false  piles  gave  great  trouble  in  driving,  both  from  frequent 
breakage  of  the  piles  themselves  and  from  their  connections.  The 
weights  of  the  hammers  used  were  from  1700  to  190c  pounds,  and 
their  fall  was  generally  fixed  at  10  feet,  and  the  final  penetration 
ranged  from  J  to  f  inch.  The  total  average  of  number  of  piles  driven 
per  day  per  driver  was  7.9;  the  minimum  being  i,  when  men  were 
not  accustomed  at  the  beginning,  and  the  maximum  15. 
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"  Although  extreme  care  was  taken  in  driving  piles,  it  was  rather 
difficult  to  judge  of  their  bearing  power,  especially  as  they  were 
driven  with  the  use  of  false  piles,  and  it  was  thought  prudent  to 
appeal  to  the  direct  trial.  Such  trials  were  made  at  two  random 
places  by  loading  loo  tons — necessary  reduction  being  made  for  the 
buoyancy — of  pig  iron  on  top  of  a  wooden  frame  which  stood  on 
four  piles.  But  although  each  pile  had  to  bear  25  tons  net,  there 
was  no  appreciable  settlement  in  any  one  of  the  piles  at  these  places, 
while  the  maximum  calculated  load  the  piles  would  have  to  bear  -was 
II  tons.  The  section  No.  2,  Fig.  436  sliows  the  staging,  frames, 
drivers,  etc. 

"  Rubble  Packing. — After  the  piles  were  driven,  their  heads  were 
cut  off  and  rubble  stone  was  thrown  in  between  them  to  the  average 
thickness  of  3  feet,  leaving  i  to  ij  feet  of  pile  heads  projecting  above 
the  rubble  to  be  subsequently  covered  with  concrete.  When  the 
rubble  was  well  rammed  in  between  piles  by  men  on  boats  and  with 
the  aid  of  divers,  it  was  found  that  soft  silt  oozed  through  the  inter- 
stices of  the  rubble  and  settled  on' the  top  of  it.  This  silt  was  so  soft 
that  it  could  not  be  removed  with  any  kind  of  vessel,  and  it  had  to 
be  sucked  up  with  the  aid  of  centrifugal  pumps.  Thus  the  ground 
was  ready  for  concreting.  The  section  No.  3,  F^.  436  shows  the  form 
at  this  stage  of  the  work, 

"  Concrete  Deposition  under  Water.— The  injurious  effect  of  sea 
water  on  concrete  seemed  to  Japanese  engineers  as  quite  serious. 
As  concrete  was  to  be  deposited  in  its  most  unfavorable  condirion, 
namely,  directly  after  its  preparation,  it  was  decided  to  change  the 
water  inside  the  dam  to  fresh  water.  Although  the  column  of  water 
present  in  the  dock  site  at  that  time  was  calculated  at  80,000  tons, 
as  it  must  be  done  gradually,  over  310,000  tons  of  water  from  Kobe 
waterworks  was  required  for  this  interchange  of  sea  and  fresh  water, 
the  latter  entering  from  the  surface,  and  the  former  being  pumped 
out  from  the  bottom,  together  with  the  scum  produced  by  an  imavoid- 
able  washing  of  mortar.  The  proportion  of  salt  to  fresh  water  was 
ascertained  from  time  to  time  by  analyzing  water  taken  from  the 
surface,  middle  and  bottom  at  three  places,  and  by  finding  out  the 
quantities  of  chlorine  and  sulphuric  acid  it  contained.  The  quan- 
tities of  chlorine  and  sulphuric  acid  was  16,869  a^id  1.924  grams  per 
liter  at  the  commencement,  but  was  reduced  to  0.352  and  0.071 
grams,  respectively,  at  the  end.  The  charging  of  fresh  water  gave 
also  the  advantage  of  maintaining  the  water  level  inside  the  dock 
ate,  so  as  not  to  injure  the  concrete  in  its  imperfect  state  of  hardening. 

"  The  deposition  of  concrete  under  water  was  started  from  the 
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entrance  side  in  the  whole  width  of  the  dock  bottom  and  to  an  aver- 
age depth  of  9  feet,  which  depth  was  previously  ascertained  by  ex- 
periments. This  deposition  was  accomplished  by  skips  and  cranes 
set  on  two  pontoons,  each  carrying  two  hand  cranes,  men  standing 
on  the  boats  and  on  banks  giving  necessary  directions  as  to  the  proper 
positions  where  skips  were  to  be  lowered.  The  skips  were  made  of 
iron  and  had  a  capacity  of  32  cubic  feet.  They  were  provided  with 
canvas  covering  to  minimize  the  washing  of  mortar  during  the  sinking. 

"  In  order  to  secure  the  best  possible  union  between  the  concrete, 
the  work  was  pushed  day  and  night  without  interruption.  The 
divers  were  not  allowed  to  disturb  unset  concrete  and  pumps  were 
employed  to  take  oft  the  scum  produced  by  unavoidable  washing 
of  mortar.  The  proportion  of  concrete  for  the  bottom  was  i  part 
mortar  to  1  part  gravel,  and  the  mortar  consisted  of  i  part  cement, 
I  part  puzzuolana,  0.19  part  lime  and  3  parts  sand.  The  con- 
crete used  for  the  side  wall  had  the  proportion  of  i  part  mortar  to 
ij  parts  gravel,  and  the  mortar  consisted  of  ij  parts  cement,  i  p)art 
puzzuolana,  0.25  part  of  lime  and  4  parts  sand.  The  concrete  was 
mixed  by  three  Carey-Latham  concrete  mixers  of  10  cubic  yards 
capacity,  and  the  mortar  was  prepared  by  20  mortar  mills  of  6  feet  6 
inches  diameter.  The  setting  time  of  mortar  to  be  actually  used 
was  constantly  observed  in  the  cement  testing  room  by  immersing 
mortar  in  the  water  taken  from  the  dock  site,  and  its  beginning 
ranged  from  8  to  10  hours  in  water.  The  utmost  care  was  taken 
in  deposition  to  join  new  concrete  to  old,  before  the  latter  began 
to  set.  Fig.  436,  section  No.  4,  shows  the  form  of  the.  bottom  as 
actually  determined  by  soundings. 

"  Alter  the  bottom  concrete  was  all  finished,  the  next  step  was  the 
deposition  for  side  walls,  and  before  it  was  commenced  all  dirt  was 
taken  oft  from  the  bottom  concrete  surface;  minor  dirt,  scum,  etc., 
were  blown  off  by  jets,  and  necessary  frames  to  confine  concrete 
to  the  designed  form  were  erected  by  divers. 

"  Concrete  for  side  walls  was  deposited  in  two  layers  of  7  feet 
and  12  feet  deep,  the  same  care  being  taken  for  deposition  as  for  the 
bottom.  The  sections  show  the  form  of  concrete  for  side  walls,  and 
the  necessary  frames  erected  for  its  deposition.  This  brought  up  the 
top  of  the  concrete  to  8  feet. 

"  Concreting  under  water  was  stopped  at  this  level  of  8  feet 
below  high  water,  as  by  the  previous  experience  it  was  certain  that 
water  inside  the  dock  site,  owing  to  the  existence  of  the  outer  coffer- 
dam, with  the  sunken  part  repaired,  could  safely  be  lowered  to  at 
least  10  feet  below  high  water  level. 
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"  English  cement  was  mostly  used,  supplied  as  follows:  J.  B. 
White  &  Bros.,  3731  tons;  Knight,  Bevan  &  Sturge,  2798  tons; 
Mikawa  Cement  Co.,  550  tons.  The  factory  of  the  last-named 
company  is  in  the  Province  of  Mikawa,  Japan. 

"  Puzzuolana  was  obtained  from  one  of  the  Goto  Islands  (not  far 
from  Nagasaki),  in  the  Province  of  Hizen.  Gravel  and  sand  used  were 
mostly  obtained  from  the  sea  coasts  in  the  vicinity  of  Kobe.  The 
total  quantity  of  concrete  deposited  under  water  was  27,200  cubic 
yards,  and  the  greatest  quantity  lowered  in  a  day  (24  hours)  was 
about  640  cubic  yards.  The  total  number  of  men,  divers,  carpenters, 
engine  drivers,  coolies,  etc.,  employed  for  this  work  only  was  149,000 
reduced  to  a  day's  work  of  10  hours. 

"  Puddle  and  Partial  Filling.— The  next  step  taken  was  to  put 
in  clay  puddle  directly  on  the  back  of  the  side  walls  all  around  the 
dock.  Previous  to  the  laying,  all  the  frames  hitherto  constructed  at 
the  back  for  the  de[X)sition  of  the  concrete  walls  were  taken  off, 
and  new  frames  were  erected  in  their  places  to  provide  for  the  bulging 
out  of  the  puddle.  The  puddle  was  prepared  by  two  pugmills 
driven  by  steam  engines.  The  prepared  puddle  from  those  mills 
was  made  to  fall  into  skips  (same  skips  used  for  concrete)  on  boats 
lying  alongside  the  bank,  and  was  lowered  into  its  destined  spots, 
necessary  precautions  being  taken  to  insure  a  water-tight  joiiit 
with  natural  bed  of  silt.  The  actual  thickness  of  the  puddle  became 
much  greater  than  the  designed  thickness  of  6  feet,  and  in  some 
special  places  it  became  even  about  8  feet,  owing  to  its  bulging,  in 
spite  of  the  existence  of  frames  to  sustain  it  and  precautions  taken 
to  fill  in  sand  as  soon  as  possible  to  counteract  its  pressure.  The 
clay  used  for  puddle  was  obtained  from  Awaji  Island. 

"  The  back  filling  of  sand  was  carried  on  together  with  the  puddle 
laying,  care  being  taken  that  the  surface  of  the  sand  should  always 
be  below  that  of  the  puddle,  lest  sand  should  find  its  way  through 
interstices  of  planking  into  the  space  for  the  puddle.  Puddle  and 
back  filling  were  temporarily  stopped  when  they  reached  nearly  the 
same  level  as  that  of  concrete  deposited  under  water.  This  stage 
of  the  work  is  shown  in  Fig.  436, 

"  Pumping,  Concreting  and  Temporary  Loading.— The  interior 
of  the  concrete  box,  so  to  speak,  was  thus  shut  up  from  the  outside 
except  above  8  feet  below  high  water  level,  and  the  water  inside  the 
coffer-dam  was  begun  to  be  pumped  out.  When  the  water  was  low- 
ered to  —8  feet  the  top  of  the  side  wall  appeared  above  the  water, 
and  it  was  further  lowered  to  —9  feet  on  the  outside  of  the  dock 
and  to  — 12  feet  in  the  inside. 
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"  As  the  work  was  so  constructed  that  there  should  not  be  any 
direct  connection  between  the  outside  and  inside  of  the  dock,  it  was 
evident  that  had  there  been  no  lault  either  in  concrete  of  puddle, 
there  should  not  be  any  change  in  the  water  level  inside  this  box. 
Several  days'  observations  showed  that  the  daily  increase  was  only 
about  f  inch,  and  this  confirmed  the  belief  that  there  was  no  appre- 
ciable leakage.  Consequently  had  there  been  no  upward  pressure 
to  lift  the  box  or  had  the  box  been  heavy  enough  to  overcome  that 
pressure  in  case  such  existed,  the  box  would  now  have  been  in  a  stage 
to  be  safely  emptied.  Careful  calculations,  however,  showed  that 
it  was  not  safe  to  do  so,  as  the  box  was  not  heavy  enough  to  counteract 
the  uwpard  pressure  of  water  existing  under  the  bottom.  This 
pressure  under  the  bottom  was  ascertained  by  the  level  of  water 
inside  8-inch  iron  pipes,  which,  to  ptovide  for  the  case  when  the 
observations  of  the  bottom  pressure  should  become  necessary,  were 
previously  imbedded  in  the  rubble  packing  under  the  bottom  con- 
crete. These  pipes  had  open  ends  and  through  the  bodies  of  the 
last  ones  holes  were  perforated  to  make  the  ingress  of  water  easier. 
They  ran  under  the  side  walls  and  went  up  through  them,  and  their 
upper  ends  reached  above  high  water  level.  There  were  six  such 
pipes,  one  at  the  head,  two  on  the  north  side  and  three  on  the 
south  side.  The  observations  of  water  level  in  those  pipes  showed 
that  water  not  only  rose  quite  high  up  in  them  to  nearly  high 
water  level  but  undulated  in  concord  with  the  undulations  of  the 
external  tides,  the  only  differences  being  in  smallness  of  range  and 
lateness  of  time. 

"  The  pressure  existing  under  the  bottom  having  thus  been  ascer- 
tained, concrete  was  further  raised  on  the  side  walls  in  the  dry  {Fig. 
436)  and,  as  this  alone  was  not  heavy  enough,  rubble  and  gravel 
were  thrown  inside  the  dock  to  serve  as  a  temporary  load.  The 
total  amount  of  rubble  and  gravel  was  8000  cubic  yards,  and  thus 
the  excess  of  the  weight  of  the  box  above  the  bottom  pressure  became 
more  than  12  tons  per  lineal  foot  of  the  dock  length. 

"  Ail  the  precautions  which  were  deemed  necessary  having  thus 
been  made,  water  was  pumped  out  from  inside  the  dock,  and  it  was 
found  that  the  leakage  in  the  whole  dock  amounted  to  only  i  cubic 
foot  per  minute,  or  less  than  two  tons  per  hour. 

"  Masonry  Facing. — Such  quantity  of  water  being  almost  noth- 
ing, the  preparations  for  masonry  work  were  at  once  started,  and 
as  the  first  step  for  that,  a  temporary  scaffolding,  which  was  to  serve 
two  purposes,  of  lowering  concrete,  mortar  and  stone,  and  of  taking 
out  the  temporary  load,  was  erected  over  the  center  line  of  the 
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dock,  and  after  its  completion  the  stone  setting  was  commenced. 
Four  cantilever  cranes,  which  were  designed  and  constructed  in  the 
dockyard,  were  made  to  run  on  the  side  walls;  four  derricks  worked 
by  steam,  two  3-ton  hand  cranes,  and  two  ttussed  beams,  which  were 
spanned  between  the  central  scaffolding  and  the  side  walls,  were 
the  principal  machines  used  for  lowering  materials,  setting  stone  and 
taking  out  the  temporary  l6ad. 

"  As  the  temporary  load,  above  alluded  to,  was  put  in  to  com- 
pensate for  the  insufficiency  of  the  weight  of  the  concrete  box,  it 
could  not  be  taken  off  at  once,  but  had  to  be  removed  gradually  as 
the  stone  facing  progressed  both  on  the  bottom  and  the  sides.  This 
gave  great  trouble  for  working,  as  the  removal  of  the  temporary 
load,  leveling  of  irregularities  of  bottom  surface  with  concrete  and 
stone  setting  must  all  be  done  in  a  very  limited  space.  Stone  setting 
was  commenced  both  from  the  entrance  part  and  the  head,  and  the 
greatest  number  set  in  a  day  of  twelve  hours  was  1310  cubic  feet. 

"  The  facing  stone  was  all  of  granite,  mostly  from  Tokuyama 
quarry,  and  its  thickness  was  from  1.3  to  2,6  feet  along  the  sides  and 
from  1,5  to  2.5  feet  along  the  bottom.  Special  care  was  taken  in 
building  the  entrance  part,  large-sized. stones  being  used,  and  chains 
and  rails  being  imbedded  in  suitable  positions  along  the  bottom  and 
the  sides.  Mortar  used  for  stone  setting  for  the  dock  body  had  the 
proportion  of  i  part  cement,  i  part  puzzuolana  and  2^  parts  sand, 
and  that  for  the  entrance  part  had  the  proportion  of  i  part  cement 
to  I  part  sand,  both  bj'  volume.  The  only  structures  in  connection 
with  this  dock  in  which  granite  was  not  used  were  the  part  of  the 
culvert  leading  to  the  pumping  house,  penstock  chamber,  and  the 
arch  of  the  lower  chamber  of  the  pumping  house,  all  of  which  were 
hned  with  hard  burned  bricks. 

"  On  each  side  of  the  central  drain  5-inch  iron  pipes  were  laid  with 
branches  of  ij-inch  iron  pipes,  which  were  to  collect  leaked  water, 
though  very  slight,  and  discharge  it  to  the  rudder  well. 

"  Pump  House. — After  the  bottom  concrete  was  deposited  and 
set  hard,  a  frame  corresponding  to  the  inner  dimensions  (allowance 
being  made  for  facing)  of  the  piunp  house  was  weighted  down  onto 
the  botton  duct,  an  outer  frame  was  erected  outside  of  it  leaving  a 
space  between  them,  which  had  to  be  filled  with  concrete  under 
water  and  had  to  form  the  body  of  the  wall.  After  the  wall  reached 
the  proper  height,  the  inside  and  outside  frame  were  taken  off. 
The  inside  was  then  faced  with  stone  and  the  outside  was  backed 
with  clay  puddle.  In  that  part  of  the  side  wall,  where  the  culvert 
leading  to  the  pump  house  had  to  pass,  another  frame  was  set  down 
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at  the  same  time  with  that  for  the  pumping  house,  and  when,  aiter 
the  water  was  pumped  out  from  the  dock,  it  was  removed,  a 
tunnel  was  formed  connecting  the  inside  of  the  dock  with  that  of 
the  pump  house,  which  timnel  was  subsequently  lined  to  fonn  the 
culvert. 

"  Caisson. — The  caisson  is  of  the  box-shaped  type  with  four 
sluices  of  20  inches  diameter  for  letting  in  water,  and  an  electrically 
driven  s-inch  centrifugal  pump  is  set  up  on  it  to  give  greater  con- 
venience for  the  removal  of  water  ballast. 

"  Pumps.— The  main  pump  is  an  electrically  driven  30-inch 
centrifugal  pump,  the  electricity  being  supplied  from  the  main 
electrical  station  of  the  company.  This  is  the  first  instance  of  the 
erection  of  a  motor  for  this  purpose  in  Japan.  Besides  this  main 
pump,  there  are  an  an  8-inch  drainage  pump  and  an  air-pump  for 
starting  the  mEiin  pump,  both  of  which  are  driven  by  electricity. 
This  main  pump  has  the  capacity  to  raise  5000  tons  per  hour  and 
will  lay  dry  the  dock  in  about  four  hours.  The  pumps  were  those 
manufactured  by  the  Lawrence  Machine  Company,  and  the  motors 
were  by  the  General  Electric  Company.  All  these  were  supplied 
by  the  American  Trading  Company.  As  there  is  no  need  of  boilers, 
the  pump  house  is  very  simple,  its  roof  standing  up  only  about  2.6 
feet  above  the  ground  level. 

"  The  dates  at  which  the  several  works  above  described  were 
commenced  are: 

First  coffer-dam November,  1896 

Excavation November,  1896 

Cylinder  sinking March,        T898 

Piling December,  1898 

■  Concreting April,           1900 

Stone  facing July,            1901 

The  dock  opened June,           1902 

"  The  total  cost  of  the  work  was  1,700,000  yen  ($850,000). 

"  The  writer  of  this  paper  acted  as  Chief  Engineer  for  the  work, 
and  his  chief  assistants  were  Samuru  Maruta,  M.E.,  and  Jinzo 
Okamura.  The  drawing  (Fig.  438)  shows  the  construction  of  the 
dock  and  the  completed  structure." 

The  construction  of  the  Chanoine  dams  on  the  Great  Kanawha 
has  involved  the  building  of  locks  for  navigation,  for  three  of  which 
the  author  constructed  the  metal  work  as  Chief  Engineer  for  the 
fabricating  company.    The  foundation  for  the  dams  is  similar  to 
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the  one  illustrated  in  Fig.  439,  the  coffer-dam  for  which  has  been 
described  in  Chapter  II,  and  illustrated  in  Fig.  12.  The  founda- 
tion for  tbe  locks  is  shown  in  Fig.  440,  and  tiie  following  description 
has  been  taken  from  the  Engineering  Record,  the  work  having  been 
carried  out  under  the  Corps  of  Engineers,  U.  S.  A.,  by  Addison  M. 
Scott,  M.  Am.  Soc.  C.E,,  the  resident  engineer  in  charge. 

"  The  Great  Kanawha  River  empties  into  the  Ohio  River  at  a 
point  262  miles  below  Pittsburg  and  205  miles  above  Cincinnati, 


Fig.  4J9. ^Kanawha  River  Dab  Foundation. 

and  is  a  continuation  of  the  New  River  which  rises  in  North  Carolina 
between  the  Blue  Ridge  and  Smoky  Range. 

"  The  bed  of  the  river  is  composed  of  boulders  and  gravel,  with 
some  sand  and  mud,  getting  finer  toward  the  mouth.  It  is  under- 
laid with  rock  at  depths  of  7  to  18  feet  below  low-water  mark. 
The  banks  are  from  35  to  50  feet  high,  composed  mainly  of  heavy 
clay,  but  with  frequent  mixtures  and  strata  of  sand.  Ordinary 
floods  rise  about  30  feet  above  low-water  mark  on  the  upper  portion 
of  the  river  and 'about  40  feet  near  the  mouth,  while  in  the  lower 
portion  an  extreme  flood  in  1884  raised  the  level  over  60  feet.    The 
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average  width  of  the  river  at  low  water  is  about  600  feet.  The  natural 
low-water  depth  between  shoals  is  about  3  to  8  feet,  but  in  places 
it  is  much  deeper.  In  extreme  low  water  the  depth  on  some  of  the 
shoals  was  originally  but  a  few  inches,  hardly  enough  on  the  shal- 
lowest to  float  a  loaded  canoe  or  skiff. 

"  The  movable  dams  are  ot  the  Chajioine  wicket  type,  operated 
from  trestle  service  bridges.  In  general  features  they  are  all  alike. 
They  are  easily  and  rapidly  maneuvered,  the  expense  of  operation 
and  maintenance  is  but  little  if  any  more  than  with  fixed  dams  and 
they  prove  highly  satisfactory  to  the  river  interests.  They  are  kept 
up  when  there  is  not  sufficient  water  in  the  river  for  coal-boat  naviga- 
tion and  down  at  other  times.  Their  advantages  over  the  ordinary 
fixed  dams  for  a  commerce  and  river  like  the  Great  Kanawha  are 
decided,  furnishing  the  benefits  of  the  usual  slack  water  without  its 
most  serious  drawbacks.  With  fixed  dams  everything  must  pass 
through  the  locks,  and  navigation  is  entirely  suspended  when  the 
river  is  near  or  above  the  lock  walls.  With  movable  dams  the 
locks  are  used  only  when  the  discharge  of  the  river  is  so  small  as  to 
make  them  necessary.  At  other  times  the  dams  are  down  out  of 
the  way,  affording  unobstructed  open  navigation.  Experience 
with  them  has  naturally  suggested  improvements,  and  those  last 
constructed  have  considerable  advantages  over  those  first  built  in 
strength  and  durability  of  construction,  facilities  for  rapid  maneuver- 
ing and  cost  of  operation  and  maintenance. 

"  Lock  and  Dam  No.  7  are  located  fourteen  miles  below  Charles- 
ton and  forty-four  and  one-fourth  miles  from  the  mouth  of  the  river; 
work  here  was  begun  in  April,  1889,  and  was  completed  in  1893. 
As  this  work  is  typical  of  the  movable  dams,  a  description  of  this 
one  is  given  somewhat  in  detail.  (See  Report  of  Chief  Engineers, 
U.  S.  A.,  for  1892,  page  2059,  etc.)  The  bed-rock  at  this  site  was 
from  II  to  15!  feet  below  low  water  and  was  overlaid  with  hardpan 
from  3j  to  8^  feet  deep.  On  this  was  the  river-bed  of  boulders 
and  coarse  gravel  mixed  with  some  sand  and  mud.  The  foundations 
of  the  lock,  except  of  the  upper  cross  sill,  all  extend  to  solid  rock, 
while  those  of  the  dam  rest  partly  on  the  rock  and  partly  on  the 
hardpan.  The  lock  is  342  feet  long  between  quoins,  with  a  clear 
width  in  the  chamber  of  55  feet.  The  total  length,  not  including 
guard  cribs,  is  411  feet.  The  walls  are  uniformly  20  feet  above  the 
top  of  the  miter  sills,  and,  including  the  concrete  foundations,  they 
are  from  27  to  341  feet  high.  The  coffer-dam  for  the  lock  and  guard 
cribs  measured  536  feet  up-  and  down-stream  with  shore  ends  152 
and  134  feet  long.     It  was  formed  of  cribs  15  feet  wide,  21  feet  long 
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and  about  19  feet  high,  made  of  round  timbers  and  sunk  to  the  hard- 
pan,  from  which  the  top  boulders  and  gravel  had  been  removed  by 
dredging.  They  were  then  filled  with  heavy  dredged  material, 
sheathed  on  the  outside  and  banked  with  clay  and  gravel.  For  the 
foundations  the  hardpan  was  excavated  to  the  solid  rock  and  replaced 
with  concrete  up  to  within  sJ  feet  from  the  top  of  the  miter  sills, 
where  the  stone  masonry  begins.  Under  a  portion  of  the  miter 
sills  concrete  was  not  used  and  the  stone  masonry  was  carried  to  the 
rock  foundations  for  the  purpose  of  anchorage. 

"  The  stone  used  on  this  lock  and  dam  was  yellowish  and  bluish- 
gray,  medium  and  line  grained  sandstone  obtained  from  quarries 
along  the  river.  It  weighs  about  150  pounds  per  cubic  foot  and  the 
crushing  load  of  a-inch  cubes  varied  from  25,000  to  46,000  pounds. 
The  chamber  faces  of  the  walls  are  of  pointed-face  ashlar  and  the 
other  faces  generally  of  rock-face  ashlar  except  the  back  of  the  land 
wall.  The  comers,  quoins,  sills  and  coping  are  of  bush-hanimered 
dimension  stone.  The  backing  of  all  the  walls  is  of  sound,  good- 
size,  vertical-sided  stones,  shaped  up  and  bedded  top  and  bottom 
and  the  spaces  between  the  stones  filled  solid  with  small  stones  and 
spalls.  The  concrete  was  mixed  in  batches  made  of  33  cubic  feet 
of  broken  stone,  15  cubic  feet  of  sand  and  two  barrels  of  Rosen- 
dale  cement,  making  about  36  cubic  feet  of  concrete  rammed  in  place. 
For  drainage  back  of  the  land  wall,  loose  stone  was  placed  leading 
to  a  culvert  in  the  lower  wing.  To  guard  against  communication 
between  the  pools,  puddle  was  placed  about  the  upper  wing  wall. 
The  miter  sills  are  anchored  to  the  bed-rock  with  ij-inch  wedge 
bolts.  The  lock  gates  are  of  white  oak  built  without  heel  or  miter 
posts,  the  main  beams  running  through  and  the  ends  and  center 
made  solid  by  filling  blocks,  assembled  with  horizontal  and  vertical 
bolts  and  keys  with  the  spaces  planked.  They  are  suspended  at  the 
heel  on  steel  gudgeons  and  by  top  fastenings  and  anchorages,  all 
below  the  level  of  the  coping.  Each  leaf  complete  weighs  about 
37i  tons.  The  lock  is  filled  and  emptied  by  valves  in  the  gates, 
each  leaf  having  five  cast-iron  valves  hung  horizontally  in  a  wrought 
iron  frame.  Tlie  valves  are  maneuvered  by  racks  and  pinions  and 
the  gates  by  spars  and  capstans.  The  lock  is  either  filled  or  emptied 
at  maximum  lift  in  less  than  four  minutes.  Steamboats,  without 
tows,  are  locked  either  way  in  from  six  and  one-half  to  eight  minutes. 

"  Lock  and  Dam  No.  ir  are  located  ij  miles  above  the  mouth 
of  the  river,  56^  miles  below  Charleston  and  88j  miles  below  the 
head  of  slack  water.  It  is  at  the  upper  end  of  a  minimum  6-foot 
channel  which  connects  with  the  deep  water  extending  to  the  mouth 
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of  the  river  and  will  allow  loaded  coal  barges  to  be  locked  down 
into  the  natural  harbor  above  the  mouth  of  the  river  when  the 
Kanawha  and  Ohio  rivers,  are  both  low.  The  importance  of  this, 
together  with  the  topography  and  structures  in  the  vicinity,  confined 
the  location  to  narrow  limits  and  compelled  the  adoption  of  one  with 
some  unfavorable  conditions,  of  which  the  depth  to  the  foundations 
was  the  most  serious.  The  coffer-dams  at  this  site  formed  a  difficult 
and  expensive  part  of  the  work,  owing  to  the  depth  to  which  it  was 
necessary  to  excavate  to  reach  a  suitable  foundation.  That  for  the 
lock  was  set  upon  hardpan  between  17  and  18  feet  below  low  water, 
and  extended  12  feet  above  the  water,  making  a  total  height  of  about 
30  feet.  In  order  to  reach  the  hardpan  it  was  necessary  to  dredge 
from  12  to  18  feet  of  material,  principally  fine  running  sand,  neces- 
sitating flat  slopes. 

"  This  coffer-dam  for  the  lock  was  built  of  cribs  19  feet  wide 
filled  with  dredged  material,  sheathed  on  the  outside  with  i-inch 
boards  and  banked  with  clay  and  gravel,  which  were  protected  from 
washing  by  a  layer  of  rough  stone.  It  is  575  feet  long  up  and  down 
the  stream,  with  wings  140  and  125  feet  long,  making  a  total  length 
of  840  leet.  Some  difficulty  was  experienced  in  pumping  out  tlus 
■  coffer  on  account  of  part  of  it  not  being  down  to  hardpan,  but  this 
was  remedied  by  driving  heavy  sheet-piling  outside  the  sheathing 
with  a  pile-driver.  The  river  widens  considerably  in  this  neighbor- 
hood and  consequently  the  navigation  pass  and  weir  are  wider  than 
those  previously  constructed.  The  lock  has  the  same  length  and 
width  as  all  of  those  below  Charleston.  With  the  water  below  it  at 
extreme  low  level  the  lift  is  11  feet.  The  walls  are  22  feet  above  the 
miter  sills  and  about  35J  feet  above  the  foundadons." 

The  lock  on  the  Lake  Washington  Canal  at  Seattle,  is  next  to 
those  on  the  Panama  Canal,  the  largest  in  the  world.  The  Lake 
Washington  Canal  joins  the  waters  of  Puget  Sound  with  the  fresh 
waters  of  Lake  Union  and  Lake  Washington,  the  distance  from 
Puget  Sound  to  Lake  Washington  being  about  6.5  miles,  or  from 
deep  water  to  deep  water,  about  7.5  miles.  Lake  Union,  in  the  heart 
of  Seattle  has  an  area  of  905  acres,  and  a  depth  of  25  to  40  feet, 
draining  an  area  of  6  square  miles.  The  elevation  of  this  lake  was 
25.0  feet  above  extreme  low  water  in  Puget  Sound,  or  7,0  feet  above 
extreme  high  water.  Lake  Washington  is  about  twenty  miles  long, 
averaging  about  two  miles  in  width,  with  an  area  of  approximately 
25,000  acres,  or  about  40  square  miles,  and  portions  of  this  are  In  the 
neighborhood  of  200  feet  deep.  This  lake  receives  the  drainage  of 
182  square  miles,  and  receives  also  the  drainage  from  the  211  square 
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miles  draining  into  Sammamish  Lake,  which  is  about  seven  milei 
long,  and  can  be  easily  connected  up  with  Lake  Washington  for  mod- 
erate sized  vessels.  Lake  Washington  was  35  feet  above  extreme 
low  water,  or  10  feet  above  Lake  Union,  but  under  thecana!  the  level 
of  both  lakes  will  be  about  25  feet  above  low  water  in  Puget  Sound. 

The  canal  was  originally  planned  to  have  one  lock  between  the 
Sound  and  Lake  Union,  and  another  between  Lakes  Union  and 
Washington.  The  estimate  of  the  United  States  Engineers  for  this 
canal,  large  enough  for  the  largest  vessels,  was  about  $7,ocx>,ooo. 
An  estimate  prepared  by  the  author  for  a  canal  with  one  lock  of  the 
lowest  possible  cost  amounted  to  $3,800,000,  and  it  is  presumed 
that  the  completed  canal  will  cost  in  the  neighborhood  of  $4,500,000, 
including  82,275,000  for  the  lock. 

Borings  made  a  number  of  years  ago  by  the  author,  from  Puget 
Sound  along  the  axis  of  the  canal  for  a  distance  of  nearly  two  miles, 
disclosed  the  fact  that  very  hard  blue  day  or  hardpan  could  be 
reached  at  depths  varying  up  to  25  feet  below  low  water.  la  the 
dredging  from  Puget  Sound  to  the  lock  site  by  the  author,  a  distance 
of  about  7000  feet,  the  fact  was  disclosed  that  these  borings  were 
fairly  reliable,  much  of  the  material  proving  to  be  so  hard  that  it 
was  just  about  as  cheap  to  blast  and  dig  it,  as  to  dig  it  out  with  a  ' 
dipper  dredge  without  blasting,  not  more  than  500  yards  per  day 
being  dug  for  quite  a  distance.  Some  of  the  material  that  showed 
up  from  the  borings  to  be  of  the  same  composition  proved  to  be 
moderately  soft  and  quite  gummy,  and  ver>-  difficult  to  get  out  of 
the  dipper.  The  borings  were  made  with  heavy  screw  bits  attached 
to  a  square  shaft  operated  in  the  leads  of  an  ordinary  pile-driver. 
The  holes  were  cased  with  pipe  through  the  sand  and  gravel,  and  by 
frequently  raising  the  auger  good  samples  v/ere  obtained,  and  the 
hardness  could  be  closely  determined  by  the  speed  of  drilling. 

The  excavation  on  the  canal,  and  the  building  of  the  lock  is  in 
charge  of  J.  B.  Cavanaugh,  Major  Corps  of  Engineers,  U,  S,  A-, 
with  A.  W.  Sargent,  Assistant  Engineer,  in  charge  of  the  construc- 
tion of  the  locks.  The  contract  for  the  excavation  of  the  lock  site 
and  the  building  of  the  coffer-dam  was  let  in  1912,  at  37.8  cents  per 
cubic  yard,  round  piles  17  cents  per  lineal  foot,  sheet-piling  and 
lumber  at  $27  per  M,  iron  and  steel  at  5.5  cents  per  pound,  spikes 
at  4.0  cents  per  pound  and  the  pumping  plant  for  $S,8oo. 

The  coffer-dam  was  constructed  by  driving  two  rows  of  guide 
piles  20  feet  apart,  and  8  feet  center  to  center,  ha\Tng  waling  of 
6X10  timber  which  was  tied  together  every  4  feet  by  i-iach  round 
rods.    The  walings  were  spaced  6  feet  apart  vertically  at  the  t(^, 
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5I  feet  apart  for  the  second  story,  and  45  feet  apart  for  the  lower 
story.  The  sheet-piling  was  of  the  Wakefield  t\'pe,  made  up  as 
described.  "  Sheet-piles  30  to  38  feet  long  shall  be  made  of  |Xi2- 
inch  plank  with  J  X  12-inch  plank  in  the  center,  bolted  together  with 
6j-inch  bolts;  and  nailed  with  ^-inch  wire  spikes,  spaced  about 
every  2^  feet  along  each  side  of  the  pile. 

"  Sheet-piles  40  to  46  feet  long  shall  be  made  of  |  X  12-inch  plank, 
bolted  together  with  6i-inch  bolts;  and  nailed  with  |-inch  wire  spikes, 
spaced  about  every  2^  feet  along  each  side  of  the  pile. 


Fic.  441.— Test  op  Clay,  Lake  Wasbwgton  Canal. 

"  Sheet-piles  48  to  52  feet  long  shall  be  made  of  |  X  12-inch  plank 
with  JXi2-inch  plank  in  the  center,  bolted  together  with  8j-inch 
bolts  and  nailed  with  -^-inch  wire  spikes  spaced  about  every  2^  feet 
along  each  side  of  the  pile. 

"  Tongues  and  grooves  shall  be  3J  inches  deep.  The  center  planks 
shall  be  dressed  to  even  thickness  of  about  3^  inches.  Wrought 
iron  washers  shall  be  used  at  the  heads  and  nuts  of  all  bolts."  The 
space  between  the  sheet-piling  was  filled  with  the  clay  from  the  excava- 
tion, which  made  excellent  puddle,  the  same  material  being  banked 
up  on  both  sides  of  the  coffer-dam.  After  the  coffer-dam  was  once 
pumped  out,  very  little  pumping  has  been  done.    Eight  feet  out- 
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side  of  the  coffer-dam  dolphins  were  driven  with  intermediate  piles, 
to  which  boom  sticks  were  attached  as  a  protection  for  log  tows, 
there  being  room  at  the  south  side  of  the  co£fer-dam  to  maintain 
a  channel  75  feet  in  width  for  navigation  during  construction.  The 
excavation  was  made  within  the  coffer-dam  before  it  was  closed 
up,  to  within  a  few  feet  of  the  elevation 
of  the  footing  courses. 

Before  construction  was  commenced 
on  the  lock,  tests  were  made  {Fig.  441) 
by  loading  a  platform  (Fig,  442)  with 
pig  Iron  attached  to  a  vertical  12X12 
timber  which  was  supported  by  a 
braced  frame-work  having  a  guide 
around  the  timber  at  the  top  to  keep 
it  in  line.  A  load  of  a  few  tons  was 
first  put  on,  and  levels  taken  day  by 
day,  increasing  the  load  gradually  up 
to  12  tons.  A  large  number  of  these 
tests  were  made  and  the  obser\ed 
maximum  settlement  ranged  from  0.018 
to  0.024  iiicli  ^iid  up  to  a  maximum 
of  0.04  inch.  The  load  to  be  carried 
on  the  clay  or  hardpan  ranged  from 
3.0  to  4.0  tons  per  square  foot,  and 
from  a  careful  study  of  the  tests  it  was 
decided  that  a  factor  of  safety  of  from 
25  to  3  would  be  realized,  which  was 
perfectly  satisfactory.  In  malting  the 
tests  the  loose  material  was  removed 
from  the  surface  and  the  vertical 
timber  was  set  on  the  solid  clay.  The 
excavation  however  was  carried  in 
some  cases  from  several  feet  up  to 
10  feet  below  the  elevation  originally 
planned,  on  account  of  striking  beds 
of  sandy  clay,  it  being  deemed  best  in  every  instance  to  go  to  the 
solid  clay  or  hardpan. 

The  construction  of  the  side  walls  of  the  lock  down  to  the  bottom 
of  these  footing  courses  is  shown  in  Figs.  443  and  444,  the  gantry 
frames  for  placing  the  concrete  being  also  shown  in  this  view. 

The  walls  of  the  main  lock  are  80  feet  apart  in  the  clear,  the 
length  of  the  lock  chamber  being  825  feet,  divided  by  an  intermediate 
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pair  of  gates  into  two  lock  chambers,  one  350  feet  in  length,  and 
one  475  feet  ia  length.  The  depth  of  the  water  over  the  lower  sill 
at  extreme  low  water  is  25  feet,  while  the  regulated  depth  of  the 
water  at  the  upper  sill  is  37  feet.  A  small  lock  is  provided  alongside 
for  small  vessels,  the  width  being  30  feet,  and  the  length  150  feet. 
The  depth  of  the  water  over  the  lower  sill  at  extreme  low  water  is 
1 2  feel,  and  the  regulated  depth  of  the  water  at  the  upper  sill  b 
17  feet. 

The  records  of  the  construction  work  are  quite  remarkable,  due 
both  to  the  very  efficient  supervision  and  organization,  and  to  the 
very  complete  plant  provided.  The  sand  and  gravel  arc  delivered 
at  the  lock  by  Government  tug  and  scows  from  a  distance  of  about 
forty  miles,  the  cost  of  the  sand  and  gravel  on  the  scow  being  24 
cents,  and  the  cost  of  tov/ing  about  14  cents,  unloading  7  cents,  or 
a  total  of  about  45  cents.     This  material  is  unloaded  from  the  scows 


Fic.  444. — Lake  Washington  Caxal  Lock,  Cross-section. 

by  clam-shell  buckets  Into  cars  running  up  an  incline  to  the  top  of 
the  bunkers,  and  dumped  automatically.  The  cement  of  Wash- 
ington manufacture  is  delivered  on  cars  at  the  lock  at  a  cost  of  Si  .50 
per  barrel.  Three  40-cubic  feet  Smith  concrete  mbcers  are  employed, 
with  a  maximum  output  of  140  yards  per  hour,  the  mixers  being 
operated  by  electric  motors.  The  greatest  output  of  concrete  per 
day  of  eight  hours  has  been  1 140  cubic  yards,  and  the  greatest  monthly 
output  has  been  23,590  cubic  yards,  that  amount  having  been  reached 
in  September,  1913.  With  the  work  about  two-thirds  completed, 
the  indications  are  that  the  average  cost  of  mixing  and  placing  the 
concrete  will  be  about  38  cents  per  cubic  yard.  The  forms  will  range 
in  cost  from  40  to  70  cents  per  cubic  yard,  with  a  probable  average 
of  45  cents  per  cubic  j'ard.  The  final  average  cost  of  the  concrete 
in  the  lock,  including  65  cenls  for  the  cost  of  the  plant,  will  probably 
not  greatly  exceed  $4  per  cubic  yard. 

The  forms  for  a  considerable  amoimt  of  intricate  work,  including 
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the  conduits,  could  not  be  used  over  again  to  any  great  extent,  but 
the  forms  for  the  walls  (Figs.  443  and  445)  were  built  in  sections  as 
shown,  were  bolted  together  at  the  ends,  and  supported  by  bolts 
set  into  the  concrete.  These  bolts  were  located  in  the  forms  and 
extended  into  the  section  being  poured,  by  passing  through  the  form 
plank,  and  through  a  board  on  the  outside  of  the  studding  in  order 
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Canal  Lock. 


to  keep  them  in  proper  line.  The  bolts  were  screwed  into  a  washer 
plate  at  the  inner  end,  and  both  bolt  and  washer  were  coated  with 
tallow  so  that  the  cement  would  not  adhere  to  them.  In  order  to 
make  sure  that  the  bolts  could  be  removed  they  were  given  a  few 
turns  with  a  wrench  as  soon  as  the  concrete  had  commenced  to 
harden,  to  make  sure  that  they  could  be  easily  turned  out  later, 
leaving  only  the  small  square  plate  in  the  concrete.    After  one  sec- 
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tion  was  poured,  the  sections  of  the  fonns  were  hoisted  up  by  a  small 
sheer  leg  and  bolted  in  place  for  the  next  layer  of  concrete.  The 
concrete  was  run  from  mixers  into  ij-yard  bottom  dumping  buckets 
on  flat  cars  which  were  switched  underneath  the  gantries  by  dinkey 
locomotives.  Two  buckets  were  picked  up  at  one  time  by  the  gantry, 
run  horizontally  over  the  place  of  deposit,  and  lowered  down  by  the 
operator  on  the  gantry.  As  the  concrete  was  usually  dumped  out 
of  sight  of  this  operator,  the  signal  man  communicated  with  him  by 
telephone  entirely. 

All  of  the  metal  work  that  sets  into  the  concrete  is  being  placed 
as  the  work  progresses.  The  bottom  or  floor  concrete  will  be  placed 
as  soon  as  the  wall  concrete  is  completed,  and  after  the  lock  is  entirely 
finished,  a  dam  will  be  constructed  across  the  present  temporary 
channel  to  the  south  bank  of  Salmon  Bay,  which  dam  will  be  used 
as  a  spillway,  and  may  later  be  utilized  as  a  portion  of  a  hydro-electric 
power  plant. 
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The  construction  of  forms  is  very  often  left  to  the  superintendent 
on  the  work  and  sometimes  proves  to  be  the  best  thing  to  do, 
although,  usually,  if  economy  is  to  be  fully  considered  they  should 
be  as  carefully  figured  out  as  other  details,  and  drawings  be  made 
in  the  office  from  which  to  build  them. 

The  superintendent  and  foremen  however  should  be  consulted, 
so  that  no  practical  details  will  be  overlooked  that  will  affect  the 
construction  of  the  forms  or  the  carrying  on  of  the  concrete  work. 

The  forms  for  footing  courses  are  the  simplest  ones  to  plan, 
although  usually  the  coffer-dam,  crib  or  caisson  acts  as  the  form  for 
the  first  course,  and  the  upper  courses  or  steps  arc  constructed  of 
2  or  2j-inch  plank  set  up  in  panels  on  the  concrete  already  depoated 
and  braced  or  shored  to  the  cofler-dam.  These  forms  are  nearly 
always  left  in,  as  it  would  cost  more  to  remove  them  than  the  old 
timber  would  be  worth.  Where  the  coffer-dams  and  forms  are  an 
obstruction  in  a  channel,  they  must  be  removed,  as  was  the  case 
with  the  Salmon  Bay  piers  described  in  Chapter  VI, 

The  forms  for  piers  are  built  of  timber  in  the  majority  of  cases, 
the  construction  being  similar  to  those  illustrated  in  Figs.  287  and 
288  and  described  in  full  as  they  were  constructed  for  the  piers  of 
the  Red  River  Bridge.  The  forms  used  on  the  Salmon  Bay  piers, 
(Fig.  90)  described  in  Chapter  VI  were  of  2  X  lo-inch  surfaced  plank, 
with  4X6-inch  studding  set  2-feet  centers  and  connected  from  side 
to  side  with  twisted  wires  about  every  4  feet,  although  for  a  part  of 
the  work  j-inch  steel  rods  were  used  from  some  stock  on  hand. 
Both  the  wires  and  the  rods  were  cut  oS  flush  with  the  concrete  after 
the  forms  were  removed. 

The  forms  for  the  piers  of  the  Vancouver,  Wash.,  bridge  where 
it  crossed  Hayden  Island  are  shown  in  Fig.  446,  extra  heavy  studding 
being  used  and  exterior  braces  employed  to  avoid  the  necessity  for 
tie  rods  or  wires. 
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Fig,  446.— Forms  oh  Land  Piers,  Vancouver,  Wn. 


4  Eleventh  Street  Bridge  Piers,  Tacoiu. 
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The  fonns  for  the  author's  patent  piers  on  the  Tacoma  bridge, 
Fig.  447,  are  shown  in  detail  in  Fig.  448.  The  rings  were  made  in 
two  layers  out  of  segments  of  2-inch  plank  and  braced  with  No.  9 


\ 

J^^    ""^V 

r-i-L  __ 

///       ^               'S^y 

(1  (1 

II     , 

l>«cjg^ 

1 

1 

■•'•"•N., 

^    y^       ^  3 

lu..-  ii 

II 

ML.-^^^ 

Fig.  448.— Pier  Shaft  Forms,  City  Waterway  Bridge,  Taooma,  Wm, 


twisted  wires  spaced  about  4  feet  apart.  Tliis  enabled  the  work 
to  be  carried  on  in  5-  or  6-foot  vertical  layers  without  any  bulgii^  of 
the  forms.  The  sections  of  the  forms  for  the  tapered  cylinders  were 
used  over  again  on  all  four  piers,  by  makmg  extra  sections  to  use 
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at  the  top  and  bottom  alternately  as  the  piers  were  larger  or  smaller 
in  diameter.  Most  of  the  timber  from  the  center  portion  or  web  was 
used  over  twice  and  some  of  it  three  or  four  times.  The  cost  of  labor 
on  these  forms  was  |i.6o  per  cubic  yard. 

The  cost  of  pier  forms  varies  so  widely  with  the  fonn  and  size  of 
piers,  that  it  is  very  difficult  to  arrive  at  a  safe  figure  except  by 
making  a  careful  estimate  of  the  material  and  labor. 

The  cost  may  be  checked  by  the  minimum  value  of  about  80  cents 
per  cubic  yard  for  very  heavy  pier  shafts  up  to  a  maximum  of  about 


FiO.  44Q.— Stezl  Fosms,  Piqoa  Bridge  Pizbs, 

$2  per  cubic  yard  for  light  piers  or  rather  intricate  work.  The 
cost  of  labor  alone  will  usually  run  from  about  one-half  to  three- 
fourths  of  the  total.  The  total  cost  of  the  forms  for  the  Tacoma 
piers  was  $2.10  per  cubic  yard,  which  was  low  for  that  type  of  con- 
struction on  account  of  the  duplication. 

Where  the  forms  can  be  used  over  for  many  piers  of  the  same 
size,  metal  forms  will  be  found  economical  and  some  used  on  railroad 
work  were  described  in  the  Engineering  Record  for  Nov.  15th,  1913. 

Recent  improvements  of  the  Pittsburgh,  Cincinnati,  Chicago 
&  St.  Louis  Railway  at  Piqua,  Ohio,  include  the  rectification  of  about 
2500  lineal  feet  of  a  single  track  of  the  mam  line  by  the  construc- 
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tion  of  a  new  alignment,  about  32  feet  on  centers  from  the  old  align- 
ment, and  18  feet  above  it,  with  a  provision  for  second  tracking. 
This  section  of  the  road  lies  along  the  bank  of  the  Great  Miami  River, 
across  the  stream  and  through  the  town  of  Piqua,  where  it  crosses 
several  streets  with  overhead  plate-girder  bridges. 

The  river  crossing  is  made  with  five  skew  spans  having  concrete 
abutments  and  piers  on  pile  foundations,  which  constitute  a  heavy 


■Steel  Form  Panels,  Ph3U\  BitrocE. 


substructure.  The  east  abutment,  about  53  feet  high  over  all  and 
22 J  feet  wide  at  the  base,  has  a  78  X  28-foot  footing  and  makes  an 
angle  of  about  120  degrees  with  a  wing  wall  300  feet  long,  which 
follows  the  river  shore  close  to  the  water  line  and  serves  to  retain  the 
heavy  fill  of  the  embankment  approach  to  the  bridge.  The  river 
piers,  about  40  feet  high  and  50  feet  long,  are  8  feet  thick  under  the 
coping,  and  the  wing  wait  has  a  maximum  thickness  of  22J  feet  above 
the  footing,  thus  concentrating  a  considerable  mass  of  concrete  at 
this  [xiint. 
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Excavations  for  the  footings  were  made  below  water  levei  by  two 
McMyler  20-ton  locomotive  cranes,  operating  a  i-yard  orange- 
peel  bucket  in  the  river  bottom  and  a  i-yard  clam-shell  bucket  on 
land.  One  of  the  cranes  was  equipped  with  suspended  steel  leads, 
53  feet  long,  in  which  a  No.  2  Vuican  steam  hammer  was  operated 
to  drive  the  foundation  piles  to  an  average  penetration  of  18  feet 
in  sand  and  gravel,  about  twenty-iive  piles  being  usually  driven  to  a 
refusal  of  about  i  inch  under  the  last  five  blows  of  the  hammer  in 
one  ten-hour  shift  by  a  single  machine. 

The  river  piers  were  constructed  in  coffer-dams  40  feet  wide  in 
the  clear,  which  were  built  in  water  about  7  feet  deep  with  a  current 
of  one  or  two  miles  per  hour.  Serious  floods  were  not  experienced 
at  the  time  this  work  was  executed,  and  the  coffer-dams  were  only 
built  to  a  height  of  about  9  feet  above  the  bottom  of  the  river. 
Each  coffer-dam  consisted  of  two  rows  of  2  X 1 2-inch  vertical  sheeting 
planks  spiked  to  three  outside  6  X  6-inch  waling  pieces.  The  rows, 
6  feet  apart,  were  connected  by  |-inch  tie  rods,  6  feet  apart,  through 
each  course  of  waling-pieces,  and  the  space  between  them  was 
puddled  with  c!ay.  The  bottom  of  the  river  inside  the  coffer-dam 
was  dredged  to  a  depth  of  about  4  feet  and  the  coffer-dam  was  unwa- 
tered  by  one  8x6-inch  centrifugal  and  two  Emerson  steam  pumps. 

A  second  coffer-dam  was  constructed  inside  the  first,  concentric 
with  it,  and  had  a  clear  width  of  19  feet.  It  was  made  of  2Xi2-inch 
wooden  sheet-piles,  10  feet  long,  braced  with  horizontal  struts,  engag- 
ing two  courses  of  waling  pieces.  The  earth  in  this  coffer-dam  was 
excavated  to  a  depth  of  5  leet  below  the  bottom  of  the  dredged  pit, 
and  the  concrete  footings  of  the  piers  were  laid  on  the  foundation 
piles,  which  were  driven  about  3  feet  apart  on  centers,  with  their 
tops  extending  18  inches  into  the  concrete.  The  sheeting  served  as  a 
form  for  the  concrete.  Above  the  footing  course  the  piers  were  built 
in  special  steel  forms.  The  footings  of  the  retaining  walls  west  of 
the  bridge  were  built  in  trenches  excavated  8  feet  deep  by  the  clam- 
shell buckets,  which  generally  deposited  the  sand  and  gravel  excavated 
from  them  adjacent  to  the  trench  to  serve  for  filling  between  the 
walls,  thus  avoiding  hauling  the  spoil. 

The  retaining  wall  was  buiit  in  wooden  forms  with  sections  19^ 
feet  high  and  32  feet  long,  made  of  2-inch  square-edge  horizontal 
planks,  nailed  to  4X6-inch  verticals  3  feet  apart,  with  6x6-inch 
horizontal  waling-pieces  4  feet  apart,  tied  together  with  J-inch  per- 
manent rods  having  turnbuckle  connections  to  detachable  J-inch 
outside  stubs  20  inches  long  passing  through  the  waling-pieces. 
Each  panel  of  the  forms  weighed  15,000  pounds  and  was  handled  by 
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the  locomotive  crane.  Each  section  of  the  wall  a)ntained  about 
loo  yards  of  concrete  and  was  made,  with  a  vertical  groove  at  one  end 
to  provide  for  a  T-joint  between  successive  sections.  The  coping 
projected  4  inches  beyond  the  base  of  the  pier  shaft,  the  forms  being 
released  from  it  by  slacking  off  pairs  of  4X6 -inch  wedges  on  which 
they  were  seated. 

The  piers  for  the  river  bridge  were  built  in  ateel  forms  made  up 
of  panels  from  about  2  to  10  feet  long  and  wide,  bolted  together 
through  outside  flanges  and  tied  through  the  concrete  with  permanent 
horizontal  transverse  rods  to  resist  the  thrust. 

Each  panel  was  made  of  a  No.  10  gage  web  plate  with  light 
vertical  and  horizontal  stiffening  and  flange  angles,  riveted  to  the 
outer  face  with  |-inch  countersunk  rivets.  Special  curved  panels 
reaching  from  the  top  to  the  bottom  of  the  pier  were  provided  for  the 
rounded  up-stream  end  and  for  the  comers  of  the  down-stream  ead, 
and  the  spaces  between  on  the  long  side  and  on  the  down-stream  end 
of  the  pier  were  filled  in  with  2  X  5-foot  rectangular  standard  paneb, 
of  which  enough  were  provided  for  two  courses  6  feet  high,  thus 
permitting  the  lower  course  to  be  removed  and  reassembled  on  the 
upper  course,  and  so  on  as  the  work  progressed. 

Each  course  was  provided  with  a  horizontal  6-inch  I-beam  waling, 
bolted  to  connection  angles  riveted  to  the  standard  uprights  of  the 
panels.  The  uprights  were  made  of  pairs  of  angles  with  thdr  out- 
standing flanges  separated  about  f-inch  to  receive  f-inch  bolts  10 
inches  long,  with  the  outside  nuts  bearing  on  saddle-plates  across  the 
flanges  of  the  uprights.  The  inside  ends  of  the  bolts  engaged  the 
ends  of  flat  adjustment  bars,  which  were  bent  90  degrees  at  each  end 
and  threaded.  The  opposite  ends  of  the  flat  bars  engaged  the  left- 
hand  threads  of  the  permanent  f-inch  tie  rods.  Holes  punched 
through  the  flat  bars  received  the  points  of  capstan  bars,  by  which 
the  adjustments  were  made,  pulling  the  forms  up  close  against  the 
inside  braces,  which  were  removed  as  the  concreting  progressed. 

After  the  concreting  was  finished  the  short  bolts  were  unscrewed 
and  withdrawn,  leaving  the  connection  pieces  and  the  long  bolts 
permanently  embedded  in  the  concrete.  At  the  down-stream  ends 
of  the  piers  tie  rods  parallel  to  the  longitudinal  axis  were  hooked  to  the 
transverse  tie  rods  in  the  second  course  from  the  bottom  and  had 
diagonal  extensions  to  the  forms  to  resist  the  longitudinal  thrust 
without  the  necessity  of  carrying  the  rods  through  the  full  length 
of  the  pier.  The  forms  for  one  pier  were  interchangeable  with  the 
other  piers  and  were  used  four  times  each  for  the  special  end  sections 
and  sixteen  times  each  for  the  standard  intermediate  sections,   thus 
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effecting  the  eotire  pier  construction  with  a  minimum  number  of 
forms,  some  of  which  were,  after  the  completion  of  this  job,  available 
for  future  work. 

Connection  angles  were  riveted  to  the  upright  flanges  of  the  forms 
at  the  top  of  the  pier  shaft  to  receive  pairs  of  vertical  angles,  bolted 
to  them  to  take  the  bearing  of  the  horizontal  wooded  planks  making 
the  forms  for  the  copings.  The  panels  of  the  forms  were  assembled 
and  taken  apart  by  hand  without  the  use  of  derricks. 

The  work  was  designed  and  executed  under  the  direction  of  the 
engineering  department  of  the  railway,  of  which  Mr,  F.  H,  Watts  is 
division  engineer  and  Mr.  E,  H.  May  engineer  in  charge.  The 
McKelvy-Hine  Company,  of  Pittsburgh,  is  the  general*fchtractor 
and  the  steel  forms  were  furnished  by  the  Blaw  Steel  Centering  Com- 
pany, of  Pittsburgh. 

The  cost  of  the  few  planks  and  timbers  needed  fM-'tht  forms 
for  pier  footings  and  the  small  amount  of  labor  iieeded  for  setting  the 
same,  will  very  often  amount  to  a  total  of  as  Ibw  as  20  cents  per 
cubic  yard  and  should  seldom  run  over  50  cents  per  cubic  yard. 

There  are  many  things  which  enter'  into  the  cos't'bf^forms  and 
which  make  it  difficult  to  estimate  with  any  exactness  either  the  cost 
of  labor  or  material.  The  concrete  skew-backs  for  the  White  Pass 
arch  (Fig.  451)  constructed  by  the  author  in  Alaska 'is' a^case  very 
much  to  the  point,  where  labor  and  material  had  to  be  transported 
a  distance  of  over  1000  miles  and  inclement  weather  eticountered. 
The  forms  for  the  concrete  can  be  seen  to  the  left  and  they  were  not 
removed  until  the  following  spring.  Both  the  concrete'^' work  and  the 
steel  work  were  carried  out  by  the  author  for  E.  C.Hawtins,  Chief 
Engineer  and  General  Manager  of  the  White  Pass  and  Yi^on  Railway. 

The  forms  for  the  East  Twenty-First  Street  reinforced  concrete 
viaduct  in  Portland,  Oregon  (Fig.  64),  are  shown  m-Figs,  452  and 
453.  The  viaduct  was  constructed  by  the  author  from  the  designs 
of  H.  W.  Hobnes,  M.  Am.  Soc.  C.E: 

The  abutment  forms,  Fig.  452,  were  built  of  2-inch  lumber  sur- 
faced on  all  four  sides,  while  the  studding  was  of  3X6  scantling 
spaced  3  feet  centers  and  tied  across  with  double  twisted  No.  9 
wires  every  4  feet.  The  interior  of  the  forms  were  braced  with 
4  X  6-inch  struts  as  shown  and  the  reinforcing  was  then  placed  and 
wired  together.  The  cost  for  the  material  was  24  cents  per  cubic 
yard,  for  labor  78  cents  per  cubic  yard  or  a  total  of  $1.02  per 
cubic  yard.  The  cost  of  the  lumber  was  $12  per  thousand,  labor 
of  carpenters  $3.50  per  day  and  laborers  $2.50  per  day. 

The  abutments  at  Knoxville,  Tenn.  (Fig.  454!,  are  not  so  heavy 
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and  have  long  wing  walls,  but  the  cost  of  forms  was  only  80  cents 
per  cubic  yard,  the  cost  of  labor  and  material  being  practically 
equal.  Wages,  however,  were  much  lower  than  at  Portland,  so  that 
the  higher  cost  of  the  two  would  be  a  fair  guide  for  preliminary 
estimates,  and  for  the  exact  cost  in  any  given  case  a  careful  estimate 
of  material  and  labor  should  be  made.    The  Knoxville  parapets  or 


Fio.  4S1-— Wbite  Pass  and  Yukon  Railway  Arch  Skewback  Forks. 

concrete  railing,  Fig.  455,  are  of  a  very  good  design  for  economy, 
as  the  fonns  are  very  easy  to  construct,  and  by  making  the  forms  in 
sections  to  use  over  several  times,  the  total  cost  for  both  lumber  and 
labor  should  not  exceed  $1.50  per  lineal  foot  of  railing. 

The  forms  for  the  floor  system,  beams  and  girders  of  the  Portland 
Viaduct  were  shored  from  the  ground  and  from  the  spread  column 
footings.  The  forms.  Fig.  453,  were  built  from  2-inch  lumber  sur- 
faced on  all  four  sides,  while  the  posts  or  shores  were  rough  8  X  8-inch 
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timbers,  all  thoroughly  tied  and  braced  together.  The  cost  of  the 
forms  was  60  cents  for  lumber,  $3.85  for  labor,  or  a  total  of  $445 
per  cubic  yard.  The  cost  of  the  shores  was  98  cents  for  lumber, 
$1.74  cents  for  labor,  or  a  total  of  $2,72  per  cubic  yard.  An  interest- 
ing comparison  of  similar  costs  for  an  arch  viaduct  may  be  made  by 
referring  to  the  costs  for  the  Sixteenth  Street  Viaduct  in  the  same 
locality,  as  given  in  succeeding  pages,  and  which  show  how  large 
an  item  of  the  cost  per  cubic  yard  the  shoring  or  centering  may 
become. 


Fic.  453, — East  iist  Street  Abdtuent  Forks. 

The  forms  for  concrete  piles  of  the  molded  type  are  shown  in  Figs. 
60  and  66.  They  are  comparatively  simple  to  construct,  but  should 
be  figured  up  for  each  case,  for  each  shape  and  size  of  pile.  The 
forms  for  the  corrugated  pile  are  perhaps  the  most  expensive  of  any 
to  make,  on  account  of  the  eight-sided  cross-section  and  the  strips 
for  the  corrugations.  Where  the  piles  are  larger,  these  strips  can  be 
of  uniform  size  and  cost  much  less.  The  form  for  the  jet  pipe  hole  in 
the  center  can  also  be  saved  by  using  old  pipe  of  the  proper  size. 
In  this  way  the  total  cost  of  the  forms  may  be  reduced  to  about 
10  cents  per  lineal  foot  of  pile.  The  forms  for  a  square  pile  without 
corrugations  would    be  very  much  less.     The    ordinary  cost    for 
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tabor  win  run  as  low  as  5  cents  per  lineal  foot  and  the  outside  cost 
should  never  exceed  8  cents  per  lineal  foot.  The  total  cost  should 
not  exceed  S  or  10  cents  per  lineal  foot  where  the  forms  are  used 
over  many  times. 

Where  large  numbers  of  piles  are  to  be  made,  or  a  pile  as  intricate 
as  the  Socket  pile,  Fig.  379,  is  to  be  molded;  metal  forms  should  be 
employed  and  removed  as  soon  as  safe  for  the  concrete  and  used  over 
again. 


Fic.  453.— East  jist  Street  Viaodct  Forms. 

The  forms  for  sewer  work  are  very  frequently  of  sheet  steel, 
properly  braced  and  collapsible  so  as  to  be  easily  removed.  The 
same  type  is  sometimes  used  for  tunnels,  but  ordinarily  it  is  cheaper 
to  use  timber  forms  in  sections,  as  were  those  employed  by  the  author 
in  lining  some  tunnels  in  the  Cascade  Mountains,  for  the  Tacoraa 
water  system.  These  forms  {Fig  456)  for  a  finished  size  of  6  feet 
6  inchesXg  feet,  had  side  sections  12  feet  long  like  the  ones  shown 
leaning  against  the  sides  of  the  tunnel.  When  these  sides  were 
properly  placed  for  line  and  level,  four  ribs  for  the  roof  arch  were 
placed  and  the  filling  of  the  sides  begun.  When  the  concrete  had 
reached  the  top  of  the  side  forms  surfaced,  boards  1 2  feet  long  were 
slid  in  over  the  ribs  and  when  the  center  was  nearly  reached,  boards 
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4  feet  long  from  rib  to  rib  were  used,  so  that  the  concrete  to  complete 
the  arch  at*  the  key  could  be  more  easily  stowed  away. 

The  formg  for  some  large  pipe  Ys  and  other  warped  surfaces  on  the 
same  wor|ty.wel;e,made  up  of  strips  i  X  i-ineh  bent  around  on  the  ribs  in 
two  layers,  and  such  work  could  not  be  closely  figured  up  in  advance. 

Forma,  similar  to  the  foregoing  types  have  to  be  employed  for 
such  work  as  ths  conduits  in  the  Lake  Washington  Canal  lock  walls, 
the  regular  forms  for  which  were  described  in  Chapter  XXX  and  shown 
in  Figs.  443*and  445- 

The  fonns  forthe  lock  walls  for  locks  in  the  Illinois  and  Mississippi 
canal  were  described  in  Chapter  XX,  and  illustrated  in  Fig.  289. 


M  RtvER  Tunnel  Forms. 

These  Vtie-cpipplete  forms  for  the  entire  walls,  and  were  braced 
with  6x6<,and  6X8  timbers  as  shown. 

The  fpllowing  account  taken  from  Engineering  &•  Contracting 
gives  the  construction  and  cost  of  forms  for  concrete  lock  walls — Lock 
21  Cumberland  River  Improvement,  and  is  condensed  from  an  article 
by  John  S.  Butler,  Junior  Engineer,  in  Professional  Memoirs  for 
Oct.-Dec.  1911. 

The  lock  walls,  guide  wall,  dam,  abutment,  and  toe  walls  are  of 
plain  concrete,  while  the  curtain  wall  and  footway  for  the  guard  wall 
are  of  reinforced  concrete. 

The  lock  is  386  feet  long  over  all,  with  280X52  feet  as  the 
effective  size  of  the  chamber.  The  top  of  the  lock  wall  is  33  feet 
8  inches  above  the  concrete  floor  of  the  lock  chamber.    The  guard 
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is  12  feet  and  the  maximum  lift,  with  open  river  below,  is  19.5  feet. 
The  dam  which  is  of  solid  concrete,  340  feet  long  has  an  ogee  face 
on  the  lower  side  and  3  20-foot  concrete  apron. 

The  guard  wall,  which  'presents  some  unusual  features,  is  160 
feet  long  and  is  composed  of  seven  concrete  piers  10  feet  long  and 
14  feet  wide  at  the  base,  spaced  12  feet  apart  in  the  clear.  These 
piers  are  joined  on  their  face  side  with  a  vertical  reinforced  concrete 
curtain  wall  3  feet  thick  and  extending  from  i  foot  below  the  normal 
pool  level  to  the  top  of  the  guard  wall.  There  is  a  reinforced  con- 
crete walkway  i  foot  thick  extending  over  the  piers  and  the  curtain 


Fig.  457-— Green  Rwek  Dam  Fokiis. 

walls  and  joining  the  guard  walls  to  the  upper  end  of  the  river 
wall  of  the  lock,  an  18-foot  drift  gap  being  left  between  the  two 
structures.  It  will  be  seen  that  the  guard  wall,  although  resting  on 
isolated  piers,  presents,  to  boats  entering  the  lock,  a  smooth  and 
continuous  surface. 

This  work  was  carried  on  by  contract  for  the  first  two  seasons 
(i9o6-igo7)  during  which  time,  it  is  said,  the  contractors  lost  $100,000. 
After  the  annulment  of  the  contract,  operations,  by  hired  labor,  were 
started  June  i,  1908,  under  the  direction  of  Maj.  Wm.  W.  Harts, 
Corps  of  Engineers,  U.  S.  Army,  with  the  writer  in  local  charge.  The 
cost  of  the  work  by  hired  labor  has  been  close  to  the  contract  prices. 
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While  work  on  the  lock  was  being  done  by  contract,  the  style  of 
form  used  for  the  construction  of  the  concrete  lock  walls  is  shown 
by  Fig.  458  (a).  It  will  be  seen  that  the  trestle  which  was  used  for 
the  delivery  of  the  concrete  was  also  used  as  a  skeleton  structure 
upon  which  the  forms  were  built.  The  concrete  for  the  lock  walls 
was  delivered  from  a  central  mixing  plant  over  a  3-foot  gage  track 
on  the  trestle,  in  steel-bottom  dump  cars.  From  the  bottom  dump 
cars  the  concrete  was  delivered  through  a  hopper  car  and  chute  to 
its  place  in  the  forms. 

The  forms  were  6Xis-foot  panels,  built  of  i|-inch  ship-lap  lagging 
nailed  to  a  framework  of  3  X  10-inch  pine  timbers.  The  panels  were 
fastened  to  10X12  inch  posts  with  |-inch  lag  screws.  It  was  intended 
that  the  inside  face  of  the  panel  be  placed  flush  with  the  inside  face 
of  post,  the  post  thus  making  part  of  the  face  of  form;  but  it  was 
soon  found  impracticable  to  keep  the  posts  true  to  line,  and  to  make 
a  smooth  joint  between  the  panels,  so  the  posts  were  set  back  2  inches 
from  the  face  line  of  the  wall  and  the  spaces  between  panels  buiit 
in  with  a  |-inch  dressed  board.  Neither  the  panels  nor  the  posts 
were  stiff  enough  to  withstand  the  pressure  from  the  green  concrete, 
so  heavy  and  expensive  bracing  was  required.  There  was  no  provision 
made  for  moving  the  heavy  panels  except  by  hand,  and  that  proved 
to  be  a  slow  and  expensive  operation. 

After  the  failure  of  the  contractors  and  when  operations  were 
started  at  Lock  No.  21  by  hired  labor,  the  use  of  the  panel  style  of 
form  was  discontinued  for  the  face  of  the  lock  walls  as  having  proven 
unsatisfactory  and  uneconomical.  However,  these  old  forms  were 
used  to  advantage  on  the  back  face  of  lock  and  wing  walls  where 
extreme  care  was  not  required  and  where  derricks  were  available 
for  moving  the  panels.  When  there  is  sufficient  amount  of  uniform 
work,  the  panel  style  of  form,  when  carefully  designed  and  built, 
may  be  used  with  considerable  economy  of  labor,  material,  and  time, 
especially  when  machinery  is  available  for  moving  the  heavy  panels. 

It  was  considered  best  to  retain  the  general  arrangement  of  the 
concrete  mixing  and  delivering  plant  for  the  lock  walls,  including 
the  delivery  track  and  trestle.  The  forms  were  modified  with  a 
view  of  obtaining  a  smoother  and  more  rigid  face,  yet  retaining  the 
necessary  features  of  the  old  plan.  Fig.  458  (b)  shows  this  new- 
arrangement.  The  sheeting  for  the  face  of  the  wall  was  built  con- 
tinuously, and  for  this  reason  the  posts  were  set  back  almost  6  inches 
from  the  face  line  of  the  wall.  This  sheeting  was  2Xio-inch  pine 
"  S  4  S."  The  studding  was  2X8-!nch  and  3X8-inch  pine  spaced 
from  2  feet  6  inches  to  3  feet  centers.     Old  panels  were  generally 
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used  for  the  back  of  the  forms.  Tie  rods  of  f  inch  round  iron  and 
cast  iron  sleeve  nuts,  as  shown  by  Fig.  458  (/'),  were  used  with  very 
satisfactory  results.  The  rods  were  placed  in  the  forms  only  for  one 
run  of  concrete  at  a  time,  so  that  they  would  not  interfere  with  the 
movement  of  the  concrete  chute.  When  lumber  became  scarce 
the  forms  on  the  lower  portion  of  a  section  would  sometimes  be  removed 
before  the  completion  of  the  top  of  the  section.  Generally,  the  wall 
was  divided  into  sections  30  feet  long.  At  one  time  the  face  form 
for  a  completed  portion  of  the  wall  100  feet  long  and  34  feet  high  was 
loosened  and  allowed  to  fall  at  one  time  into  the  lock  chamber,  this 
chamber  having  previously  been  allowed  to  fill  with  water  to  break 
the  fall  of  the  forms  and  prevent  injury  to  the  lumber. 

On  account  of  the  unstable  nature  of  the  banks  and  the  large 
amount  of  excavation  involved,  it  was  decided  to  use  shoring  or  tim- 
ber support  in  making  excavation  for  both  the  guide  wall  and  the 
abutment,  and  on  account  of  similar  conditions  .and  plant,  the  same 
style  of  timber  support  and  concrete  form  was  used  on  both  places. 
This  arrangement  is  shown  by  Fig.  458  (c). 

Placing  this  shoring  and  bracing  was  slow  and  tedious,  as  was 
also  the  removal  of  the  braces  while  the  concrete  was  being  placed. 
The  excavated  material  was  removed  by  a  derrick  and  placed  behind 
the  completed  wall  for  back  filling.  The  concrete  was  handled 
from  a  j-cubic  yard  Ransome  mixer  by  a  derrick,  and  with  steel 
dump  buckets  placed  directly  into  the  forms. 

The  face  form  was  2  X  lo-inch  pine  lagging,  "  S  4  S,"  carried 
on  2X8-inch  pine  studs  placed  about  30  inches,  c  to  z.  When 
practicable  the  form  was  braced  to  the  timber  support,  and  else- 
where, as  near  the  top  of  the  wall ,  j  inch  tie  rods  and  sleeve  nuts  were 
used.  These  sleeve  nuts,  which  were  about  6  inches  from  face  of  wall, 
permitted  the  bolt  ends  to  be  removed  after  the  concrete  had  hardened. 

These  piers  were  built  in  the  dry  by  means  of  a  low  earth  coffer- 
dam. The  style  of  form  for  the  piers  is  shown  by  Fig.  458  (d).  A 
trestle  built  independent  of  the  forms  was  used  Ifor  delivering  the 
concrete  from  the  central  mixing  plant  in  bottom  dump  cars.  Forms 
-  were  started  on  the  first  two  piers  at  the  same  time,  and  as  soon 
as  the  concrete  in  second  stage  of  pier  i  was  completed,  the  form 
timbers  of  the  first  stage  of  the  first  pier  were  moved  to  pier  3,  and  so 
on  from  pier  to  pier. 

All  piers  were  completed  and  forms  removed  before  the  forms 
for  the  reinforced  curtain  wall  were  started.  Figure  458  (c)  shows 
the  forms  for  the  reinforced  curtain  wall  or  upper  part  of  the  guard 
wall.    The  zX  6-inch  studding,  which  was  all  that  was  available 
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for  this  work,  was  rather  light,  requiring  a  large  number  of  tie  rods 
to  keep  the  forms  from  springing.  Each  22-foot  section,  13  feet 
deep,  was  completed  in  one  operation,  and  as  this  work  was  done 
in  freezing  weather,  causing  the  concrete  to  set  much  more  slowly 
than  usual,  there  was  an  unusual  amount  of  pressure  on  the  forms, 
and  considerable  difficulty  was  experienced  in  holding  the  forms 
true  to  line.  This  curtain  wall  was  built  when  the  river  was  almost 
to  the  top  of  the  piers,  and  as  lumber  was  plentiful  and  labor  scarce, 
forms  were  built  the  entire  length  of  this  wall,  and  the  wall  completed 
before  any  of  the  forms  were  removed. 

These  forms  were  built  of  rough  oak  boxing  i-inch  thick  and  any 
old  material  available  was  used  for  studs.  This  oak  boxing  was 
seasoned  and  very  uniform  in  thickness,  so  a  very  good  face  on  the 
wall  was  obtained.  The  only  trouble  encountered  was  from  caving 
banks  and  numerous  floods-  All  forms  were  designed  to  meet  the 
local  conditions  as  to  material  on  hand,  labor,  and  arrangement  of 
.  plant  for  handling  concrete. 

To  my  mind  the  most  important  feature  of  economical  concrete 
construction,  after  considering  the  arrangement  of  the  plant  for 
handling  the  concrete  material,  b  the  careful  study  and  design  of 
the  forms,  giving  due  consideration  to  the  choice  of  standard  lengths 
and  sizes  and  grades  of  lumber,  with  not  only  a  comparison  of  strengths 
of  the  various  sizes,  but  also  of  the  calculated  loading  to  give  the 
allowable  maximum  deflection.  Careful  consideration  should  be 
given  to  the  minimum  amount  of  lumber  required  to  pennit  the 
forms  to  be  kept  ahead  of  the  concrete,  ample  allowance  being  made 
for  unexpected  delay.  The  lumber  should  be  used  over  and  over  as 
many  times  as  its  condition  will  permit. 

To  show  the  relation  of  the  areas,  strength,  and  resistance  to 
deflection  of  various  studs,  with  the  2  X  4-inch  stud  taken  as  unity 
in  each  case,  Table  I  is  submitted: 


....... 

Area. 

Sliength  Fleiuro. 

Uni 

orra Load  0060" 
'  Deflection. 

IS 
J.S 

I.)5 

s-ss 

6.00 

1    00 

3-37 

1560 

For  the  style  of  forms  used  and  conditions  at  Lock  No.  ai,  the 
2X8-inch  stud  spaced  about  30  inches  "  c  to  c  "  has  been  found  the 
most  economical. 
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These  styles  of  forms  as  submitted  herein  are  not  without  their 
imperfections,  but  they  were  the  best  we  could  devise  with  the  means 
at  hand.  They  were  more  economical  and  gave  better  results  than 
the  forms  used  by  the  contractor.  The  tie  rod  and  sleeve  nut  were 
a  decided  improvement  over  the  timber  brace,  and  the  continuous 
sheeting  on  the  face  of  the  wall  gave  a  smoother  and  truer  surface 
than  was  obtained  with  the  panel. 

The  greatest  objection  to  these  forms,  as  well  as  to  most  all  fonns, 
is  the  cost  and  time  required  for  erection.  It  will  be  seen  that  in 
some  cases  a  large  amount  of  lumber  was  tied  up,  but  lumber  was  at 
times  more  plentiful  and  cheaper  than  the  labor  which  would  have 
been  required  to  move  the  lumber  from  place  to  place. 

The  cost  of  forms  for  work  at  Lock  No.  21,  as  given  below,  seems 
to  be  high,  but  it  should  be  remembered  that  this  includes  the  cost 
of  all  labor  and  material  for  erection  and  removal,  including  the 
pro  rata  of  general  expense,  as  well  as  the  additional  cost  of  erection 
and  maintenance  of  trestle  bents  and  tracks  for  the  delivery  of  con- 
crete, and  also  the  cost  of  the  shoring  and  timber  supports  for  the 
caving  banks.  The  costs  were  further  increased  by  the  extreme 
care  required  to  obtain  and  keep  a  true  alignment  of  the  face. 
Especial  care  was  required  in  placing  the  cast  iron  hollow  quoins. 

The  unit  costs  of  forms  for  lock  walls,  including  erection  and 
maintenance  of  delivered  trestle  and  tracks  {10,215.7  cubic  yards 
concrete)  was  as  follows: 


Total. 

P„Cu.Yd. 

1   ),S(i0.94 

5,648.  2Q 

9'ii.34 
1.036.3s 

$o.j8 

-54 

.09 

5..  02 

General  expense 

Ji  0,306. 91 

The  unit  costs  of  forms  for  guide  wall,  including  costs  of  timber 
support  (2283.9  cubic  yards  concrete)  was  as  follows: 


Toiftl. 

Per  Cu.  Yd. 

5  765.41 
758.49 
95. 31 
91.33 

S17I1.5S 

*o.335 

■332 
.043 
.040 

%o-7A9 

General  expense 
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The  unit  cost  of  forms  for  abutment,  includiDg  cost  of  timber 
support  (2833.6  cubic  yards  concrete),  was  as  follows; 


j             Total. 

Per  Cu.  Yd. 

Material 

»  385-85 
753-41 
184. !6 
284.88 

$1608-40 

fo.136 
.265 
.06s 

»o.567 

General  expense. .  .  . 
Total 

The  unit  cost  of  forms  for  guard  wall,  including  erecting  and 
maintenance  of  delivery  trestles  and  tracks  (911. 2  cubic  yards  con- 
crete) was  as  follows: 


To!  Ml. 

\    P«  Cu.  Yd. 

Material 

1  454.70 
1108.47 

ti563-i7 

to.49g 
1       5i.7>5 

The  excessive  cost  of  the  forms  for  the  guard  wall  was  due  to 
frequent  floods  delaying  and  damaging  the  work,  and  to  increased 
difhculties  of  the  forms  for  the  reinforced  curtain  walls. 

The  cost  of  forms  for  the  top  wall,  having  a  volume  of  625.3  cubic 
yards  of  concrete,  was  as  follows: 


j                  Item, 

[            T<jlsl, 

P.r  Cu.  Yd. 

1  Labor. 

...j         «MI.55 

$o.S48 

The  methods  and  cost  of  constructing  East  Park  Dam,  Cali- 
fornia, Orland  Project,  V.  S.  Reclamation  Service  are  given  in 
an  article  in  Engineering  6*  Contracting  by  E.  G.  Hopson,  Supervising 
Engineer,  U.  S.  Reclamation  Service,  Portland. 

The  East  Park  Dam  of  the  Orland  Project  of  the  U.  S.  Reclama- 
tion Service  lies  on  one  of  the  upper  feeders  of  Stony  Creek,  the 
principal  tributary  of  the  Sacramento  River  from  the  Coast  Range 
portion  of  its  drainage  area.  Like  all  of  the  Coast  Range  tributaries 
the  summer  flow  of  Stony  Creek  is  insignificant,  although  the  winter 
and  spring  runoff  is  frequently  excessive. 
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The  dam  site  is  a  notch  in  a  great  conglomerate  dike  or  ridge 
extending  in  a  north  and  south  direction,  characteristic  of  the  folds 
of  the  Coast  Range  area.  The  river  has  cut  through  this  ridge  a 
deeply  eroded  channel,  and  during  ages  has  built  up  its  bed  with  sand 
and  gravel  deposits,  so  that  the  level  of  the  stream  to-day  lies  some 
40  or  50  feet  above  the  originally  eroded  rock  bottom.  It  was  decided 
by  the  Reclamation  Service  to  adopt  a  solid  concrete  dam  of  gravity- 
section  built  on  a  plan  arching  up-stream  to  a  horizontal  radius 
of  27s  feet.  The  spillway  was  located  about  one-half  of  a  mile 
from  the  dam  at  a  depression  in  the  same  ridge  on  which  the  dam 
waslocated.  Atthreeother 
points  on  the  reservoir 
margin  where  low  places 
occurred  small  earth  dikes 
were  built.  The  total  cost 
of  all  construction  work  for 
dam,  spillway  and  dikes 
was  estimated  at  $198,000. 
including  an  allowance  of 
25  per  cent  for  engineer- 
ing administration  and  con- 
tingencies. 

The  maximum  height  of 
the  dam  is  140  feet  above 
the  foundation  rock;  the 
length  along  the  top  is  249 
feet.  Fig.  459  shows  the 
maximum  cross-section  of 
the  structure  and  the 
methods  used  in  bwlding 
up  and  bonding  the  mass 
of  the  concrete.  Expansion 
joints  running  entirely  through  the  structure  were  built  at  intervals 
of  20  feet.  Two  outlets  were  provided:  One  24  inches  in  diameter 
at  a  depth  of  85  feet,  and  the  main  outlet,  a  4Xs-foot  gate  at  a  depth 
of  65  feet  below  the  water  surface  of  the  reservoir.  No  notable 
difficulties  occurred  during  construction.  The  principal  material 
excavated  for  the  foundation  was  sand  and  gravel.  Two  pumps — 
one  5  inches  and  one  6  inches^easily  handled  all  of  the  water  in  the 
foundation  pit.  The  excavation  did  not,  as  was  anticipated,  disclose  a 
fault  or  plane  of  fracture  or  movement  in  the  conglomerate  dike,  it 
being  evident  that  the  gorge  originated  only  through  water  erosion. 


Fic.  459.— Orwnd  Calwoenia  Dam  Forms. 
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The  spillway  consists  of  nine  semicircular  reinforced  concrete 
axches  supported  by  massive  abutments.  This  design  was  adopted 
with  a  view  to  securing  the  greatest  possible  length  of  spillway  with 
a  minimum  of  construction  cost.  The  spillway  length  is  430  feet. 
Its  estimated  discharge  capacity  with  a  depth  of  3.8  feet  on  its  crest 
is  10,000  second-feet  (about  twice  the  maximum  flood  peak  on  record). 
The  spillway  was  founded  on  shale  rock  and  below  the  structure  no 
attempt  was  made  to  protect  this  rock  from  erosion,  it  being  consid- 
ered that  although  some  weathering  and  erosion  might  occur  and 
ultimately  a  masonry  lining  be  necessary,  the  shale  was  sufficiently 
resistant  in  Itself  to  warrant  deferring  such  protection  for  some  time. 
The  event,  however,  has  disproved  this  forecast,  as  on  March  7, 1911, 
the  reservoir  was  entirely  filled  and  about  zooo  second-feet  of  water 
passed  over  the  spillway.  Experience  showed  that  the  shale  below 
the  spillway  was  inadequate  to  resist  the  erosive  action  of  a  large 
flow,  deep  channels  being  scored  in  Its  surface  up  to  a  point  about 
50  feet  below  the  spillway  structure  itself.  The  United  States,  is 
now  extending  the  masonry  of  the  spillway  for  a  distance  of  about 
200  feet,  terminating  the  structure  on  the  solid  conglomerate   rock. 

Some  facts  and  cost  figures  about  the  dam  and  spillway  con- 
struction will  probably  be  of  interest,  as  the  job  is  a  compact  one 
free  from  complications. 

All  cement  was  manufactured  at  Tolenas,  California,  cost  price 
f.o.b.  cars  being  $1.55  per  barrel.  The  cost  delivered  at  the  nearest 
railroad  station  to  the  work  was  $2.05  per  barrel.  Cement  and  all 
material  brought  by  rail  required  hauling  over  18  miles  of  mountain 
road.  The  average  price  of  hauling  cement,  iron  work  and  other 
materials  was  32  cents  per  ton  mile.  The  cost  of  road  haul  and 
storage  for  cement  was  $1.08  per  barrel,  so  that  the  net  cost  delivered 
at  the  work  was  $3.13  per  barrel. 

In  the  main  dam  the  total  concrete  buUt  was  12,202  cubic  yards, 
in  which  12,382  barrels  of  cement  were  used,  or  1.01  barrels  per  cubic 
yard  of  concrete.  The  mixture  was  generally  proportioned  at  i 
volume  of  cement  to  10  of  the  unmixed  aggregates. 

In  the  spillway  a  richer  grade  of  concrete  was  used  the  total 
yardage  being  1456,  in  which  were  placed  1758  barrels  of  cement, 
or  1. 21  barrels  per  cubic  yard.  The  mixture  was  generally  propor- 
tioned at  one  of  cement  to  eight  of  the  unmixed  aggregates. 

The  concrete  was  mixed  in  standard  revolving  mixers  and  handled 
by  cars  and  track. 

The  principal  item  of  construction  was  placing  concrete  in  the  dam 
and  spillway  as  given  in  Tables  A  and  B. 
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TABLE  A— COST  OF  CONCRETE  IN  SPILLWAY,  1456  CUBIC  YARDS 


Cement  delivered  at  R.  R.  stalion  (1758  bbls.)-- 

Cement — hauling  and  storing 

Form — material 

Form— labor 

Sand  and  gravel — labor  and  furnishing 

Mixing  and  placing 

Finishing 


Total.. 


Preparatory  expense 

Plant  depreciation 

Miscellaneous  and  supplies 


Toul 

Superintendence 

Engineering 

General  adminbtration. . 


Grand  lolal.  . 


$H33  4i 

1503.37 


TABLE  B— COST  OF  CONCRETE  IN  MAIN  DAM,  12,202  CUBIC  YARDS 


Cement  delivered  at  R.  R.  station  (12,382  bbls.). 

Cement — hauling  and  storitiR 

Forms— material 

Forms — labor 

Sand  and  gravel — labor  and  furnishing 

Mixing  and  placing  ( 
Finishing 


ToUl . . 


Preparatory  expense 

Interest  on  investment. . . 

Plant  depreciation 

Miscellaneous  and  supplie: 


Stream  control  and  unpriMluc 

Superintendence 

Engineering 

General  administration 


J2S,333 

86 

13,394 

98 

2,054 

.^0 

S.M3 

*5 

7,074 

S,3'S4 

*9 

429 

00 

$i,8t7 

4.326 

6,700 

08 

S2.6lt 

34 

7,53° 

5,800 

9,540 

50 
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The  dam  has  successfully  withstood  one  season's  test  of  full  reser- 
voir. Before  water  was  backed  up  against  the  dam,  sighting  marks 
were  placed  on  the  rock  abutments  at  either  end  of  the  structure 
and  on  the  structure  itself  for  use  in  determining  whether  any 
deflection  took  place  under  full  reservoir  pressure.  Careful  obser- 
vations, however,  failed  to  detect  any  movement. 

There  was  a  somewhat  elaborate  system  of  interior  drainage 
contrived  in  the  dam  structure  to  carry  off  any  water  passing  through 
the  expansion  joints,  and  deliver  it  into  the  outlet  conduit.  These 
drains  are  to  a  considerable  extent  successful,  most  of  the  percolating 
water  being  intercepted.  In  spite,  however,  of  the  drains  and  of 
the  care  taken  in  construction  to  avoid  any  continuous  Joints  through 
the  dam,  seepiage  water  forces  its  way  through  the  masonry  follow- 
ing mostly  horizontal  plates  between  the  several  blocks  of  concrete. 
Fig.  459  shows  the  points  where  seepage  water  appears  on  the  down- 
stream face.  The  amount  of  this  seepage  is  inconsiderable,  usually 
not  being  sufhcient  to  maintain  a  continuous  flow  to  the  bottom 
of  the  dam.    Its  most  serious  defect  is  discoloration  and  unsigbtUness. 

The  forms  for  the  Green  River  Dam,  Fig.  457,  were  of  2-inch 
surfaced  plank,  spiked  inside  of  the  curved  ribs  as  shown,  which  were 
made  up  of  two  layers  of  plank  cut  to  form  and  spiked  together  break 
joints.  For  large  dams  with  curved  and  warped  surfaces,  the  same 
design  may  be  employed,  but  for  uniformly  curving  surfaces  or  regular 
battered  faces  of  dams,  the  type  used  for  the  Lake  Washington 
Canal  locks  would  be  best. 

The  time  for  the  removal  of  forms  is  a  very  important  matter 
and*  the  following  is  taken  from  an  article  in  Engineering  6*  Con- 
tracting on  concrete  forms  by  Jerome  Cochran,  civil  engineer. 

REMOVAL  OF  FORMS  AND  CENTERS 
GENERAL  REQITISEHENIS 

Forms  shall  not  be  removed  until  the  concrete  shall  have  become 
hard  enough  to  be  unquestionably  self-supporting.  No  forms  should 
be  allowed  to  be  removed  except  in  the  presence  of  the  inspector. 
The  most  important  precaution  in  reinforced  concrete  construction, 
and  whose  importance  cannot  be  overestimated,  is  caution  in  the 
removal  of  the  form  work. 

Notification  of  Form  Removal. — No  forms  whatever  should  be 
removed  at  any  time  without  first  notifying  the  engineer  in  charge 
of  the  work.    But  such  notification  should  not  be  considered  to  reheve 
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the  contractor  of  responsibility  for  the  construction  and  removal 
of  such  forms. 

Contractor's  Risk. — Forms  are  removed  from  the  concrete  at  the 
contractor's  risk  at  any  time,  and  should  any  of  the  concrete  give 
way  by  such  removal  or  become  permanenUy  injured,  the  contractor 
should  be  required  to  remedy  same  at  his  own  expense.  The  con- 
tractor should  be  expected  by  suitable  observations  to  know  when 
the  concrete  in  any  section  of  the  work  is  sufficiently  hardened 
to  bear  its  own  dead  load  plus  additional  load  as  may  be  imposed  by 
the  work  of  installation  and  should  not  be  relieved  of  responsibility 
for  premature  removal  of  centers.  The  engineer,  however,  may  when 
he  deems  advisable,  order  the  centering  to  remain  for  a  longer  time. 
The  engineer's  acquiescence  in  permitting  removal  of  forms  should 
not  by  any  means  reUeve  the  contractor  of  responsibility  for 
same. 

Time  of  Removing  Forms.— \JryAex  no  circumstances  should  forms 
be  removed  until  the  concrete  has  attained  sufhciertt  strength  to 
resist  accidental  thrusts  and  permanent  strains  which  may  come 
upon  it.  Forms  supporting  reinforced  members  should  be  left  in 
place  until  the  concrete  rings  sound  and  is  readily  chipped  by  a  blow 
from  a  pick.  Much  attention  must  be  given  to  this  portion  of  the 
work,  which  is  fraught  with  danger  under  incompetent  direction. 
No  exact  time  for  the  removal  of  form  can  be  safely  prescribed  because 
of  the  varying  character  of  the  work,  the  variations  in  the  setting 
of  different  cements  and  the  influence  of  atmospheric  conditions. 
Forms  should,  however,  remain  longer  under  beams  and  arches  than 
around  columns  or  walls,  and  longer  under  beams  and  arches  of 
long  spans  than  of  short  spans. 

City  Ordijumces. — Removal  of  forms  should  comply  with  the  city 
ordinances  or  regulations  governing  reinforced  concrete  construction 
and  forms  should  not  be  removed  until  the  approval  of  the  engineer 
is  obtained. 

Foreman  to  be  in  Charge. — A  competent  and  exj>erienced  foreman 
should  be  in  charge  of  the  removal  of  forms  at  all  times.  At  no 
time  are  more  men  to  be  engaged  in  the  striking  of  forms  than  the 
foreman  can  fully  direct  and  supervise.  No  foreman  lacking  the 
required  experience  in  this  line  on  high  grade  work,  should  be  allowed 
upon  the  work. 

Test  Concrete  Beams.^As  an  aid  to  judging  when  forms  and  sup- 
ports may  be  removed  safely,  and  when  the  concrete  work  may  be 
used  safely  to  carry  extraneous  weights  or  loads,  test  concrete  beams 
about  4X6  inches  by  3  feet  in  length,  can  be  made  of  concrete  taken 
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from  batches  which  are  being  placed  in  the  portions  of  the  structure 
under  consideration. 

Forms  not  Supporting  Loads. — Fonns  which  do  not  support  loads 
may  be  removed  as  soon  as  the  concrete  has  taken  its  final  set. 

Minimum  Time  Limits  Jor  Form  Removal. — (a)  The  minimum 
time  for  the  removal  of  forms  (not  the  supporting  shores)  should  be 
as  follows:  For  walls  in  mass  work,  2  days;  for  thin  walls,  3  days; 
for  sides  of  lintels,  girders  and  beams,  3  days;  for  bottom  of  slabs, 
4  days;  for  spans  of  6  feet  or  less  plus  i  day  extra  for  each  additional 
foot  of  span;  for  columns,  2  days. 

(6)  The  minimum  time  for  the  removal  of  shores  should  be  as 
foUows:  For  bottoms  of  beams  and  girders,  14  days,  for  spans  of 
ordinary  length. 

(c)  Should  frost  occur  before  the  concrete  has  attained  sufficient 
strength  to  enable  the  removal  of  the  centering,  the  counting  of  time 
for  this  removal  should  start  after  the  influence  of  frost  has  been 
entirely  eliminated. 

Freezing  Weather. —'When  the  necessary  precautions  are  taken 
during  freezing  weather,  the  forms  may  be  taken  down  at  the  usual 
time,  if,  in  the  judgment  of  the  engineer,  the  test  prisms  made  under 
the  same  conditions  as  the  concrete  is  made,  has  attained  sufficient 
strength.  As  a  general  thing,  however,  the  forms  must  remain  in 
place  much  longer  than  in  warm  weather.  Special  care  must  be  used 
in  removing  centering  when  the  concreting  has  been  done  in  cold 
weather.  Falsework  must  never  be  removed  while  the  concrete  is 
frozen.  If  necessary,  artificial  heat  must  be  employed  to  thaw  the 
whole  mass  and  the  set  and  hardness  determined  before  removing 
false  work.  In  other  words,  do  not  remove  any  forms  until  absolutely 
certain  that  the  concrete  is  thoroughly  hardened  and  that  no  por- 
tion is  either  soft  or  frozen.  The  only  sure  way  of  knowing  when  the 
cement  is  fully  set  and  the  concrete  properly  hardened,  is  to  actually 
test  it  with  a  hammer  for  hardness.  To  do  this,  it  is  necessary  to 
remove  small  portions  of  the  formwork  in  each  section  of  the  structure 
to  be  certain  that  there  are  no  soft  spots. 

Forms  to  be  Easily  Removed. — Forms  should  be  removed  gently 
without  chipping  or  jarring  the  concrete.  Prying  with  bars  or  strik- 
ing with  a  sledge  must  not  be  allowed  as  all  jar  and  vibration 
must  be  avoided. 

Manner  of  Removing  Forms. — Forms  when  being  taken  down 
must  not  be  dropped  onto  floors  and  knocked  against  columns  and 
walls.  The  forms  should  always  be  eased  down  by  a  cable  or  other 
similar  method.    Always  leave  in  place  a  few  intermediate  posts 
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so  as  not  to  place  the  entire  dead  weight  too  suddenly  on  the  beams 
and  columns.  A  regular  procedure  should  be  followed  in  removing 
forms,  and  the  work  should  be  done  by  regular  gangs  so  that  the  men 
become  trained  in  the  requirements  and  methods  of  the  work.  Care 
must  be  exercised  and  precautions  taken  to  prevent  large  masses  of 
forms  from  falling  on  floors.  In  other  words,  the  work  of  removing 
the  forms,  molds,  and  centering  should  be  done  with  great  care  so 
as  to  avoid  injury  to  the  concrete. 

Cleaning  and  Piling  Forms. — The  forms  upon  removal  should  be 
thoroughly  cleaned  of  all  cement  and  any  necessary  repairs  should 
be  made  and  the  forms  piled  in  some  convenient  place. 

Superimposed  Loads  on  Forms. — When  forms  are  being  removed, 
there  must  be  no  load  upon  the  portion  of  the  concrete  affected 
in  excess  of  one-sixth  of  the  live  load  for  which  the  portion  affected 
was  designed,  unless  temporary  shores  are  left  in  to  take  care  of  such 
load. 

COLUMN  FOEMS 

Column  forms,  if  removed  first,  should  be  so  removed  as  not 
to  disturb  the  beam  and  girder  forms. 

Time  of  Removal.— Column  forms  should  not  be  removed  in  less 
than  two  days,  in  summer;  in  cold  weather,  four  days;  provided 
girders  are  shored  to  prevent  appreciable  weight  reaching  columns, 

SLAB,  BEAU  AND  GIRDEIt  FORUS 

Floor  Slabs  and  Sides  of  Beams. — Forms  should  not  be  removed 
from  floor  slabs  of  ordinary  spans  in  less  than  seven  days.  Sides 
of  beams  and  girders  should  not  be  removed  in  less  than  three  days. 
The  bottom  of  beam  and  girder  forms  should  remain  in  place  until 
after  the  side  forms  have  been  removed  so  as  to  inspect  the  sides  of  the 
beam  without  lessening  the  support  of  the  beam  against  collapse. 
In  all  cases  leave,  at  least,  one  line  of  shores  in  the  center  of  the  floor 
slabs  when  removing  floor  forms. 

Beam  and  Girder  Supports. — The  original  supports  for  all  beams 
and  girders  should  remain  in  place  at  least  fourteen  days,  but  all 
beams  and  girders  having  more  than  30-foot  span  from  center  to  cen- 
ter of  support  should  be  considered  as  special  cases  and  should  be 
subject  to  inspection  of  the  Building  Department  before  removal 
of  supports. 

Freezing  Weather. — The  time  at  which  props  or  shores  may  safely 
be  removed  from  under  beams  and  girders  will  vary  with  the  condi- 
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tion  of  the  weather,  additional  time,  however,  should  be  allowed  for 
each  and  every  day  that  the  thermometer  registers  any  time  during 
the  day  or  night  below  35°  F, 

Removal  0/  Shores.— Beioie  removing  the  shores  under  any  beam 
or  girder,  the  column  supporting  it  should  be  stripped,  so  that  col- 
umns may  be  examined  on  all  sides,  and  at  lea^t  one  side  of  each 
beam  and  girder  form  should  be  removed  in  order  to  expose  the  con- 
crete to  view,  so  as  to  give  evidence  of  the  soundness  and  hardness 
of  the  concrete.  The  shoring  underneath  principal  girders  and  beams 
should  be  the  last  to  be  removed. 

Method  of  Removing  Shores. — Shores  should  be  removed  without 
jarring  the  structure  by  properly  pulling  the  double  wedges  at  the 
bottom.  Shores  should  be  lowered  gently  and  not  allowed  to  drop 
heavily  onto  floors  and  thrown  against  columns.  When  shores 
are  finally  removed,  they  should  be  taken  out  for  a  beam  or  a  panel 
at  a  time  and  under  no  circumstances  must  all  shores  under  a  door 
be  knocked  down  at  haphazard  or  in  rapid  succession. 

Removing  Shores  before  Forms. — While  it  is  customary  practice 
to  some  extent  to  remove  shores  one  at  a  time  and  then  put  them 
back  again  in  order  to  permit  the  removal  of  bottom  boards  of  beam 
forms,  etc.,  this  practice  should  not  be  permitted.  The  reasons  are 
obvious. 

Precautions  to  be  Observed. — In  removing  forms  the  falsework 
should  be  lowered  to  such  extent  as  to  permit  the  form  to  drop  away 
an  inch  or  two  from  the  slab,  in  which  position  it  should  remain  for 
twenty-four  hours.  While  the  wedges  are  being  loosened  the  concrete 
must  be  carefully  inspected. 

WALL  FORMS 

Massive  Wall  Forms. — Forms  for  massive  concrete  walls  should 
.  not  be  removed  in  less  than  one  day,  or  when  the  concrete  will  bear 
pressure  of  the  thumb  without  indentation.  If  indented,  the  concrete 
is  too  soft  to  permit  of  removing  the  forms. 

Thin  Walls. — Forms  for  thin  concrete  walls  should  not  be  removed 
in  less  Uian  two  days  for  ordinary  conditions;  in  cold  weather, 
five  days. 

ARCH    CENTERS 

Striking  Centers.— The  centers  should  be  struck  when  directed  by 
the  engineer,  which  direction  should  not  be  given  until  the  masonry 
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above  them  has  been  completed  up  to  the  level  of  the  bottom  of  the 
coping. 

Time  of  Removing  Centers. ^Ctnters  for  arches  of  small  aze 
should  not  be  removed  in  less  than  one  week  and  for  large  arches 
with  heavy  dead  load  not  less  than  one  month. 

Method  of  Removing  Centers. — ^Arch  centers  should  be  removed 
without  shock  or  jar  to  the  arch  ring.  Centers  should  be  lowered 
evenly  and  gradually,  so  that  the  ring  can  settle  uniformly.  For 
very  \<mg  spans  the  engineer  will  provide  special  instructions  for 
striking  centers. 

HISCELtANEOUS  FORMS 

Conduits. — Forms  for  conduits  may  be  removed  within  two  or 
three  days,  provided  there  is  not  a  heavy  fill  upon  the  conduits. 

Sidewalk  Forms. — Forms  for  cement  sidewalks  should  be  left  in 
place  until  the  concrete  or  mortar  has  set. 

The  costs  given  for  forms,  as  well  as  on  other  items  of  engineer- 
ing construction,  very  rarely  give  the  cost  of  labor  per  day  for  the 
various  grades  of  worlunen,  the  imit  price  of  materials,  or  the  con- 
ditions in  detail  that  existed. 

Each  engineer  therefore  should  carefully  keep  such  data  from  his 
own  practice  and  preface  each  item  in  the  record  book  with  all  the 
detail  that  would  be  necessary  for  any  one  to  get  a  full  grasp  of  that 
particular  cost;  especially  in  view  of  the  fact  that  the  conditions  may 
become  hazy  in  the  mind  of  the  person  making  such  record,  and 
that  wages,  cost  of  material  and  conditions  may  change  completely 
within  a  comparatively  short  period  of  time. 
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CHAPTER   XXXII 

ESTIMATING    THE    COST 

The  three  factors  to  be  utilized  in  making  any  estimate  are  the 
cost  of  labor,  cost  of  material  and  judgment. 

The  cost  of  labor  is  very  difficult  to  arrive  at,  due  to  the  vari- 
ation in  the  rate  of  wages  in  different  parts  of  the  country  or  the 
world,  the  variation  from  year  to  year,  the  fluctuations  from  season 
to  season  and  that  due  to  the  amount  of  work  in  progress  in  any 
particular  locality. 

The  method  of  arriving  at  the  cost  of  labor,  from  unit  costs 
derived  from  work  already  executed,  is  very  dangerous,  as  conditions 
are  seldom  the  same,  and  more  money  has  been  lost  from  this  prac- 
tice than  in  almost  any  other  way. 

If  unit  costs  of  labor  are  used  from  old  data,  they  must  be 
employed  with  fear  and  trembling,  and  only  by  bringing  to  bear 
to  the  fullest  extent  the  estimator's  judgment.  Where  the  unit 
costs  are  based  on  work  executed  by  the  person  using  them,  and 
used  on  a  new  piece  of  work,  there  is  a  chance  for  the  judgment 
to  be  good,  but  if  such  is  not  the  case,  some  data  may  have  been 
omitted  from  another's  record,  which  will  make  it  impossible  to 
form  a  correct  judgment. 

Should  any  uncertainty  exist  regarding  the  data  of  the  work 
or  the  data  of  the  unit  costs  to  be  employed,  then  the  work  must 
be  very  carefully  examined  and  fuller  data  gathered  on  which  to 
base  a  judgment. 

The  cost  and  efficiency  of  labor  have  changed  completely  since 
iqoo  or  within  the  past  ten  or  twelve  years.  First,  the  hours  per 
day  have  been  almost  universally  reduced  to  the  "  eight-hour " 
basis,  without  a  correspondng  reduction  in  the  rate,  so  that  if  men 
are  emploj'cd  nine  or  ten  hours  per  day,  the  cost  of  labor  is  increased 
from  10  to  20  per  cent. 

Second,  the  lesser  hours  or  the  higher  rate  per  day  has  had  a 
tendency  to  reduce  the  efTiciency  of  the  workmen,  and  in  many 
classes  of  work  only  50  or  75  per  cent  of  the  amount  of  work  is  done 
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per  dollar  expended  as  formerly  Third,  the  shortage  of  labor  in 
certain  parts  of  the  world  for  long  periods  and  the  shortage  in  other 
parts  during  the  summer  or  busy  season,  has  a  tendency  towards 
inefficiency  and  an  unstable  rate  of  wages. 

These  things  have  not  always  been  carefully  considered  by  con- 
tractors in  making  proposals,  or  at  least  they  are  not  reflected  in 
the  proposals  themselves,  and  contract  prices  have  not  kept  pace 
with  the  cost  of  labor  and  material. 

The  cost  of  material  should  be  obtained  for  each  particular  piece 
of  work,  with  an  option  or  cover  for  the  time  necessary  for  the  pro- 
posals to  be  considered  and  the  award  made.  Where  this  is  not 
possible,  due  allowance  must  be  made  for  any  prospective  rise  in 
prices. 

The  judgment  of  the  estimator  must  be  brought  to  bear  on  all 
these  facts,  and  on  everything  that  has  a  bearing  on  the  cost,  such 
as  the  availability  and  efficiency  of  superintendents  and  foremen, 
the  general  items  to  add  to  the  cost,  such  as  plant  and  general 
expense. 

The  entire  cost  of  plant  and  plant  installation  and  removal  must 
often  be  included,  and  if  the  entire  cost  of  plant  is  not  included, 
then  a  very  large  item  for  depreciation  of  plant  must  be  incorpor- 
ated in  the  estimate.  Second-hand  plant  can  often  be  purchased, 
but  it  must  be  inspected  by  a  thoroughly  competent  person. 

Plant  repairs  is  a  very  important  item  in  a  cost  estimate,  but 
this  is  usually  charged  to  "  Repairs  and  Renewals,"  which  is  includeil 
in  the  "  General  Expense  "  item  which  must  be  included  in  even.* 
cost. 

"  General  Expense  "  or  "  Overhead  Charges  "  is  a  part  of  the 
cost  of  a  piece  of  work,  as  much  as  is  the  labor  and  material,  and 
wherever  the  word  cost  occurs  in  a  specification  or  contract  it  must 
be  interpreted  to  include  the  "  General  Expense,"  unless  cost  i:^ 
specifically  defined  otherwise.  When  such  is  the  case  the  percentajic 
allowed  on  force  account  work  is  stated  at  a  figure  that  will  cover 
"  General  Expense  "  and  a  profit,  usually  from  15  to  20  per  cent 
on  the  cost  of  labor  and  materials  alone. 

Genera!  Expense  in  connection  with  a  contract  business  will 
run  from  5  to  10  per  cent  per  annum  on  the  total  amount  of  con- 
tracts completed  during  the  year.  It  will  include  the  ledger  accounts 
of  general  expense  proper,  contracting  expense,  office  expense,  office 
salaries,  insurance,  taxes,  interest,  repairs  and  renewals.  miscclianci)u- 
eamings,  and  any  other  accounts  not  chargeable  directly  to  par- 
ticular contracts. 
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Fig.  46a.— Falsewokk  Arouhd  Tacoua  Piex. 
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When  an  estimate  has  been  completed  according  to  the  best 
judgment  of  the  estimator,  then  it  must  be  carefully  checked  by 
someone  else  to  be  sure  that  all  computations  are  correct  and  that 
all  items  have  been  included. 

It  has  been  the  author's  practice  to  have  a  synopsis  made  of  the 
specifications  for  a  piece  of  work,  as  soon  as  they  are  received,  lists 
made  of  all  material  on  which  prices  must  be  obtained  and  a  pre- 
liminary estimate  made  as  a  guide  to  the  exact  or  final  one. 

Many  tables  may  be  prepared  for  such  purposes,  similar  to 
Table  LXVII,  giving  approximate  costs  of  various  t>pes  of  founda- 
tions in  different  kinds  of  material  and  to  difl'erent  depths. 

TABLE  LXVII.— APPROXIMATE  COST  OF  FOUNDATIONS 

For   rR£LIUINAKY    ESTOUTES  Onlv 


Typo.                                       j     Depth. 

. 

Hard. 

f'         .8 
Concrete  base  6  ft.  thick  on  piles                   \  ,         28 

3. SO 
3,00 

2. so 

4-50 
4-00 

3  5° 

S  SO 
S  00 
4,00 

Caissons  or  weUs  sunk  by  dredging  (no   j  1         1° 
!"'->                                                                        1;          SO 

15.00 

11.50     '     15  00 

15.50       1        22. so 

18.50       1 

Co&er-dam   pumped   to   foundation   bed    J 
(no  piles)                                                       1 

25 
35 

9.50 
11.50 
13-50 

lo-so    t     12,50 
14.00    1     17.50 
18.00 

Concrete  under   water,  plank  driven  (or    1 
lorais  and  dredged  out  (no  piles).              1 

25 
35 

7.50 
9.50 

9  SO 
'3- SO 

Pneumatic  caissons  with  concrete  filling 

40 
60 
80 

18.00 
24.00 
30.00 

18,00          -s.oo 
24,00         30,00 
2g,oo          3s,oo 
35  00         40,00 

viincOTi 


Is  are  based  on  lh«  i 


m-iited  piers.     Very  laige  0 


The  table  of  preliminary  cost  of  concrete  forms,  Table  LXVIII. 
is  one  in  which  the  values  will  vary  greatly  for  the  various  p«rts 
of  the  world,  and  the  engineer  should  prepare  a  similar  revised  table 
for  his  own  particular  locality. 
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TABLE  LXVni.— COST  OF  FORMS  FOR  PREUMINARY  ESTIMATES 
Cost  per  Cubic  Yard,  without  any  Shoring 


Solid  Tbi 

Solid  Thick. 

Reintorcsd. 

a... 

Ijhot. 

Total. 

Labor. 

Total. 

Labor. 

Tot«l. 

0.2S 

0.90 
0.90 

o.So 

0    sn 

o,is 

0.35 
0.80 
0.3S 
O.SO 
0.70 

0.4s 
0  3S 

0.15 
0.80 

O.JO 

o.go 

'0:6s' 
0,50 
0.50 

1.60 

1.50 

1.75 
4.00 

1.30 

I. So 

00 

5° 
40 

40 

1.40 

a-So 
i.So 
2. SO 

0.50 
0.6s 
0.6s 

So 

3-S« 

The  data  as  to  costs  and  the  estimates  given  in  the  succeeding 
pages  must  be  taken  as  guides  only  and  not  absolute  in  any  sense 
of  the  word.  The  method  of  arriving  at  the  unit  cost  of  doing  any 
particular  item  of  work  will  be  explained,  so  that  the  estimator 
can  apply  the  same  process  to  the  wages  and  conditions  for  his 
locality. 

The  cost  of  constructing  earth  coffer-dams  or  an  embankment 
to  exclude  a  small  head  of  water  is  usually  small  in  amount  or  nothing 
at  all,  the  material  from  the  excavation  being  banked  up  as  it 
is  dug  out  with  the  clam-shell  or  excavator,  and  where  this  cannot 
be  done  it  will  usually  be  found  cheaper  to  use  sheet-piling  than 
to  haul  clay  any  distance.  Where  a  log  crib  is  necessary  to  prevent 
the  clay  from  washing  out,  the  small  logs  can  be  figured  at  a  piling 
price  per  lineal  foot  and  an  equal  amount  will  usually  pay  for  the 
labor  of  placmg  them.  The  log  crib  coffer-dam  on  Green  River, 
Fig.  21,  for  a  distance  of  approximately  200  feet  across  the  stream, 
cost  about  $2500,  or  about  $12.50  per  lineal  foot  of  pipe.  Counting 
cross  cribs,  there  was  about  500  feet  constructed  at  approximately 
$S  per  lineal  foot,  the  excavation  from  a  tunnel  forming  the  filling 
at  no  extra  cost. 

The  cost  of  sheet-pile  coffer-dam  labor  comprises  first  the  cost 
of  making  the  piles.  For  Wakefield  sheet-piling  this  will  be  usually 
about  $3  per  thousand  feet,  board  measure,  for  boring,  bolting,  spiking 
and  sharpening  them.  For  dovetail  tongue-and-groove  piling,  the 
dovetail  strips  must  be  figured  at  a  greater  cost  than  the  ordinary 
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lumber,  and  the  cost  of  boring  these,  spiking  them  on  and  sharpening 
the  piles  will  run  about  Ss.go  per  thousand  on  the  total  lumber  used. 

The  cost  of  driving  both  sheet-piles  and  round  plies  should  never 
be  taken  at  former  unit  costs  in  making  up  an  estimate,  without 
checking  it  up  after  the  following  manner. 

Where  a  land  driver  is  to  be  built,  or  one  shipped  in  and  assembled, 
or  a  floating  driver  towed  in,  this  cost  and  the  removal  when  the 
work  is  completed  must  be  the  initial  charge  against  the  work. 
Assuming  there  is  a  land  driver  to  be  built  with  40-foot  leads,  an 
engine  shipped  in  and  out,  and  the  driver  removed  when  the  work 


FrG.  461. — Making  Cithved  Pier  Forms  Ashose. 

is  done,  then  an  item  of  cost  must  be  added  of  approximately  $250. 
or  if  there  arc  25,000  lineal  feet  of  piling  to  be  driven,  one  cent  per 
lineal  foot.  If  in  the  judgment  of  the  engineer  or  estimator,  20 
piles  can  be  driven  each  day  on  the  average,  the  cost  per  pile  with 
crew,  fuel,  incidentals  and  repairs  costing  $30  per  day  will  be  $1.50 
per  pile,  or  with  piles  50  feet  long,  3  cents  per  lineal  foot,  to  which 
must  be  added  the  one  cent  per  lineal  foot  for  plant,  also  the  cost 
of  cutting  off  arrived  at  by  the  same  method,  general  expense  and 
profit.  This  has  been  gone  into  in  this  elementary  manner  to  illus- 
trate   the  method  to  be  employed  in  checking  up  all  items  of  unit 
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What  is  the  total  cost  of  the  work  per  day  divided  by  the  average 
that  can  be  accomplished  each  day,  being  sure  that  sufficient  allow- 
ance is  made  in  the  estimate  for  lost  time,  repairs  and  the  like  in 
arriving  at  the  average  amount  that  can  be  done. 

The  cost  of  cutting  off  piles  comprises  the  cost  of  material  for 
scaffolds  and  usually  the  wages  of  only  two  men  for  each  day. 
Where  there  is  an  extra  amount  of  scaffolding  to  be  done,  four  men 
may  be  required  to  keep  up  with  the  driver  crew. 

The  average  cost  of  driver  crews  per  day  will  be  about  as  follows: 


Land  Driver; 

Foreman 

Crew  (4) 

Engii"*!. 


Coal 

Incidentals. . 


JettinR  Mtra: 

Crew  (4}.... 

Fireman 

Oiler 

Coat 

Incidentals. . 
Kepairs 


Scow  Driver 

Foreman S3 . 

Crew  (s) 17 

Engineer 4 

Fireman 3 

Boom  man 3 

Coal     4 

Incidentals i 


A  scow  driver  crew  on  ordinary  work  should  drive  about  30 
piles  per  day  and  on  easy  work,  about  50  per  day  of  eight  hours.  Where 
a  jetting  plant  is  used  not  more  than  one-fourth  the  number  will 
be  driven  per  day,  and  often  as  at  Tacoma  not  more  than  two  will 
be  driven  in  an  eight-hour  day.  The  longest  time  on  record  per 
pile  so  far  as  the  author  knows  was  on  the  Buda-Pesth  coffer-dam, 
described  in  Chapter  I,  or  twelve  to  fourteen  days  per  pile!  This 
simply  indicates  that  the  work  should  not  have  been  carried  out 
by  such  methods. 

The  cost  of  operating  a  pumping  plant  for  pumping  out  a  coffer- 
dam will  be  about  as  follows  for  a  6-inch  centrifugal;  pump-man, 
$3.50;  fireman,  $3.00;  coal,  $4.00;  incidentals,  $1.00;  and  repairs. 
Si. 50,  or  a  total  of  $13  per  day  of  eight  hours.  To  which  must  be 
added  the  cost  of  installing  and  removal. 


The  cost  of  the  floating  pile-driver,  described  in  Chapter  IV, 
Figs.  44  to  48,  inclusive,  is  given  in  the  following  itemized  estimate: 


joovGoOt^lc 


SUB-AQUEOUS  FOUNDATIONS 


UNITED  STATES  PILE  DRIVER.    Sept.,  1912 


X7o'X4'7j" — 66'  liads 


Lumber — scow 

(l.br.  1 5.50+ Hand.  0.50+ Labor  14.00) 

Lumber— deck 7  M  @  36.00 

(Lbr.  35.00-l-Hand.  o.so+Labot  10.50) 

Leads 8M@  36.00 

(Lbr.  15.00+IIand.  0.50-l-Labor  20.50) 

Loh  deck  in  places 3M  @  JS-<» 

House 4i  M  @  35 .  00 

Ship  Knees 

8X8X3  ft lU  @  30  00 

8X8X5  ft 9  @  45  oo 

Calking 6;oo'  @    0.04 

Hardware,  bolts  and  spikes 

Channels,  bolls,  etc 

House  bardware 

House  canvas  covccinE 

Cleats,  41  in 4  @  14.00 

Sheaves 22 

Guides  and  fittings  in  place 

Hose  ti  in.  double  jacket . . 65'  ©0.75 

Painting ; 

Pipes  and  valves 

Boiler  and  pipe  raverlr.g 

Hammer 3800  lbs.  @  0.04 

Oil-tanks .i@  ia6.oo 

Engine,  81 X 10 

Boiler,  40  horse-power 

Sleam  capstan 

Duplex  boiler  feed-pump 

Worlhington.  jet-pump 

Ait-compressoi 

Tank,  50  gal 

Sahjict  gypsy  windlass 

Ratchet  gypsy  half  windlass  (2) . 

Feed-water  heater 

Installing  machineiy 

Testing  machinery 

Delivery  of  driver 


30,00         t     780.00 


General  Eupcose,  6  per  cent 
Profit,  10  per  cent 


This  is  undoubtedly  a  high  cost,  as  the  construction  of  the  dri\'iT 
was  let  at  practically  $10,000.    But  it  was  evident  that  this  bidder 
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added  nothing  for  general  expense  and  probably  a  very  low  per- 
centage of  profit.  The  cost  could  be  still  further  reduced  by  omitting 
the  ship  knees  and  cutting  out  part  of  the  painting,  thus  reducing 
the  actual  cost  of  the  driver  to  below  $9500. 


The  method  of  figuring  the  cost  of  deep  coffer-dams  is  well 
shown  by  the  Salmon  Bay  work  described  in  Chapter  VI,-  Fig.  91, 
where  the  depth  was  about  a  maximum  for  this  class  of  construction. 
The  original  costs  have  been  revised  to  take  account  of  the  increased 
expenditure  due  to  the  error  in  borings. 


SALMON  BAY  PIERS,  N.  P.  RY,    Oct.,  1912 

Three  (3)  Coffer-dams 

Excavation 4700  c.  y.  @  1 .  75 

Sheet-piling: 

Lumber i8o  M  @ 

Boitt 9000  ]ba.  @ 

Framing 180  M  @ 

Driving  sheet-piles. '. sj6  @ 

Bradng: 

Lumber 75  M  @  : 

Framing  and  placing 7S  M  @  i 

Pumping SO  »lays  @  = 


Cement  on  work 

Cement  f.o.b.  cars 

$'-85 

Sand  and  gravel: 

$2,1 

Tow,  40  miles 

0  '5 

Launch  tow,  i  mile 

Plant  expense 

0,0s 

2..60.0O 

360.00 
900.00 
I, OS J. 00 

900.00 
7S0-00 

1,300.00 

Ji  5,647.00 
.,036  <x> 

»i  7.683 .00 
3,310.40 

$19,893.40 
6.6J1.13 
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.  i.i7bhlg.  @2 

Sand o.sc.y.@o 

Gravel o.qc.y.  (^  o 

Mixing  and  placing 

Forms  and  labor  (old  lumber) 


Per  cubic  yard 

General  Expense,  6  per  cent. . 


Concrete,  1-2-4: 

Cement 1.5  bbls,  ©3.15  S3 

Sand ci,sc,y.@o.9o  o. 

Gravel 0.9  c.  y.  @o  90  o. 

Mixing  and  placing 1 

Fonns  and  labor  (old  lumber) o 

Per  cubic  yard 5.9 

General  Expense,  6  percent o.; 


6-34 
■79 

$7.13 


FiC.   46  a. — CCRVED   POSHS   A 
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The  excavation  exceeded  the  rate  given,  as  did  also  the  pumping, 
but  the  estimate  as  made  up  gives  the  rates  that  would  have  governed 
had  the  borings  been  correct  and  the  construction  put  in  originally 
to  correspond.  This  is  a  good  illustration,  however,  of  the  need 
for  using  unit  costs  with  caution,  on  account  of  the  conditions 
being  different  from  those  assumed  or  given  by  the  plans  and  speci- 
fications drawn  to  cover  the  work. 

The  following  estimate  is  typical  of  the  ordinary  dredged  piers 
as  built  for  a  common  highway  bridge  in  the  Puget  Sound  country, 
although  the  borings  did  not  prove  to  be  correct  and  piles  had  to  be 
driven  in  place  of  the  rails.: 

The  cost  of  cement,  sand,  and  gravel  includes  delivery  at  the 
work,  while  the  labor  item  covers  all  handling  on  the  work,  as  well 
as  labor  of  mixing  and  placing  concrete.  The  cost  of  forms  was 
figured  out  in  detail  and  an  average  used  for  the  piers  and  another 
average  value  for  the  abutments.  The  seemingly  high  cost  of  the 
forms  was  due  to  all  the  work  being  medium  thickness  reinforced 
work.  The  item  of  S1.00  used  for  general  expense  was  high  owing 
to  some  plant  expense  being  included. 

ESTIMATE  FOR  TWO  PIERS  AND  TWO  ABUTMENTS 


Cein.    Ssnd  Grnv.   Poroii  Labor  Gen.  Ex.  W 

3.40+0.53+0.77  +  1.80+3.00+1.00  +  o. 
Shaft  o!  pier  j-3-5-  concrete; 

2.28+0.52+0.87  +  1.80+1.53  +  1.00  +  o. 
Coping  of  piers  1-2-.1:  . 

3.40+0.5  j+o.;7  +  i.8o+i.si +  1.00  +  o. 

Foreman  extra  time 

Excavation  heavy  gravel 

Sheeting 


1.  yds.  ® 


Total  concrete  average 230  cu.  yds.  @ 

Two  abulmenls: 

Foolirgs  and  body  i-,?-5-  concrete: 

3.j8+o.S)+o.87  +  i.2o+2.oj  +  i.oo+o.io        socu.  yds.  @ 
Coping  I- 2-3 -concrete: 

3.40+0.52+0.77  +  1.20+2.00+1.00+0.1] 

Foreman  extra  time 

Excavation  and  backfill 


e,  avcrsRC . . 


2ocu.yds.  e 

140  cu!  yds.  <s 
.  70  cu.  yds.  (( 


Plac 


Hau 


3.00+1.00+0. 

Kaili    Haul   unver  Linving 
Steel  rails  (for  piles),  12.00+0.15+5.00+3.00... 

Total  of  all  items 


9.10 

IIOQ.70 
300.30 

4  00 

1188  00 

400.00 

17.10 

$3934. «» 

SS.oo 

»  400  00 

9.00 

iSo.oo 

1-30 

iS>  00 

»12.30 

$  862.00 

$4.10 

»49.io 

323.40 

$5167-60 
i^Goot^lc 
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The  ordinary  piers  for  a  railway  bridge  in  Oregon  were  estimated 
as  follows,  with  general  expense  and  pro&t  to  be  added.  The  mass 
in  the  base  consisted  of  timber  cribs  sunk  by  open  dredging.  The 
cutting  edges  were  of  reinforced  concrete,  and  this  was  the  cause  of 
the  high  unit  cost  for  the  "  mass  in  base,"  but  without  the  reinforced 
concrete  cutting  edges,  the  cost  was  reduced  over  $5  per  cubic 
yard  as  indicated. 

The  low  cost  of  concrete  was  due  largely  to  the  fact  that  it  was 
to  be  hauled  near  to  the  bridge  site  by  the  railway  company.  The 
entire  estimate  is  only  to  be  used  as  a  guide  making  a  sbnilar  esti- 
mate. 


EIGHT  ORDINARY  DREDGED  CAISSONS   FOB  RAILWAY  PIERS 


Cement St  .65 

JF" 

1  Haul. , . . 
Handling. . 


.    Culling  edge  1-3-5 


Water... 


Reinfareing  sted . . 
Frt 

Haul 


680  c 

u.yds. 

•544 

yds.  @  $8 

05 

OS- 

.38 

00= 

•so 

00- 

08- 

■45 

90= 

,90          8 

OS 

CuUingedges 58,216  lbs. 

Plaici i9>040  lbs. 

Crib  lumber.  .  .^ ._. 310  M 


Lbt. 


Frt. 


Haul 


Plac. 


4,657.  »8 

",333.80 

8,000.00 


3.00  +   .66  +  1.50  +   10.84 

EjatKUion 5,6oo  yds,   @ 

Concrete  in  Seal  1-1-4 ',55'  yds-  @ 

Cement. ...  1.5  bbls.  ©1.9 

Sand 42yd.   @  i.o 

Grav 84yd.    @  i.o 

Water. 

Labor  mix.  and  pi. 


Coffer-dam  lumber 

Falsework,  Piles,  288  @  30  ft. . 

Driving 

Lumber 
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8  Concrete  piers  1-3-S 

CoiKTcU  shafts:  2,s6«  yds.  @      6.12 

Cement ».i7@i-7S     »*S 

Sand 5     @  1, 00       .50 

Gtav Si  @  1. 00      .82 

Water oj 

Labor  tna.  and  plac 3.00 

Forms  6.7  sq.  ft.    @     .n         .80 

6. 11 

Stfel  in  nose n.Soo  lbs.    @-      0.05 

Reinforring 4,68olbs.    @         .017 

16,739-33*  2568 =$6.51  per  cu.  yd.  $. 


The  method  of  arriving  at  the  cost  of  pneumatic  bases  for  the 
piers  of  an  ordinary  railway  bridge  to  a  depth  of  40  feet  below  water 
is  given  in  the  following  estimate.  From  this  it  will  be  seen  that 
the  principal  items  of  cost  are  the  excavation,  sinking,  and  concrete. 
Under  favorable  conditions  they  could  be  very  much  reduced,  but 
the  judgment  of  the  engineer  and  estimator  must  govern  as  to 
how  low  the  item  of  excavation  and  sinking  can  be  reduced.  The 
item  for  falsework  -  around  cribs  (Fig.  460)  is  often  overlooked 
and  plant  must  often  be  figured  into  the  cost. 

PNEUMATIC  CAISSONS  FOR  RAILWAY  BRIDGE  PIERS 

Air  sinking: 

Mass  in  base 3,64*  yds. 

ComrrU  1-J-4 3,000  yds.     @      $7.38      ll.t4a.0o 

Cement...  .  .1.5     ®  li.ii  3  32 

Sand 4»  @  3,83     :.i9 

Gravel 84  @  100       ,84 

Labor  mix.  and  plac 7 .  oa 

Water @     .03       .03 


12.00  +  I-65  +  1.00+  15 

Culling  edge 

Shafts  3  ft.  and  a  ft.  diameter. . 

Rods  and  Mli 

Top  cotfer-dam 

Excaialion  and  sinking 

False  work: 

Piles,  144  @  30  ft 

Pile  driving 

Lumber 


54, 3 24. 70 -i- 3640— 14.90  per  cu.  yds.+gen,  exp,  0.90+prof.  2_(o=5i8 


54.000  lbs.      @V 
50  M.       @ 
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Fig.  463.— Anchoring  Dredced  Crib  at  Tacoma. 
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DREDGED  CAISSONS  FOR  TACOMA  BRIDGE 

The  labor  costs  on  the  Tacoma  dredged  cribs  and  concrete  work 
described  in  Chapter  X  are  based  on  common  labor  at  $2. 50  per 
eight-hour  day,  carpenters  $3.50  per  day,  pile-driver  men  $3.50  per 
day,  caisson  men  $4.00  per  day  and  engineers  $4.50  per  day. 

The  abutment  while  of  reinforced  design  (Fig.  464}  was  quite 
heavy,  except  the  cantilevers.  The  labor  on  forms  was  $0.83  per 
cubic  yard  and  labor  mixing  and  placing  concrete  $1.83  per  cubic 
yard. 

The  pedestals  for  the  viaduct  columns  were  quite  heavy,  about 
15X15  feet  on  the  base  and  were  all  in  the  dry.  The  labor  on  the 
excavation  was  $1.20  per  cubic  yard  including  backfill.  The  dig- 
ging was  on  the  average,  of  medium  hardness;  the  labor  on  forms 
was  $0.26  per  cubic  yard  and  the  labor  mixing  and  placing  concrete 
$0.92  per  cubic  yard. 

The  labor  on  the  cribs  and  on  the  mass  in  the  base  of  the  piers 
was  for  the  timber  framing,  $9.65  per  thousand  without  the  cost  of 
rigging  up  yards  and  ways  and  removing  same  but  with  these  included 
was  $18.75  P^r  thousand;  the  average  cost  of  sinking  on  piers  Nos. 
I,  2,  3  and  4  was  $2.42  per  cubic  yard  but  leaving  out  No.  i  which 
was  in  hard  material,  the  cost  was  $1.81  per  cubic  yard;  the  labor 
of  mixing  and  placing  concrete  was  $1.48  per  cubic  yard;  and  the 
labor  on  driving  piles  was  $0.26  per  lineal  foot  below  cutting  edge. 

The  pier  shafts  had  high  labor  costs  owing  to  their  being  of  rein- 
forced concrete  and  owing  to  the  expensive  forms.  {Figs.  461  and 
462.)  The  labor  on  forms  was  $1.61  and  on  mixing  and  placing 
concrete  $1.19  per  cubic  yard. 

The  labor  was  much  higher  than  in  other  parts  of  the  world 
and  for  this  reason  not  so  efficient  as  a  matter  of  course. 

The  piers  were  very  high  and  the  cost  of  placing  concrete  was 
much  above  the  average.  Probably  considerable  saving  would  have 
resulted  from  using  a  tower  on  a  scow  from  which  to  spout  the  con- 
crete, although  with  an  18-foot  rise  and  fall  of  tide  every  day,  it 
would  have  been  difhcult  to  handle. 

PNEUMATIC  CAISSONS,  VANCOUVER   BRIDGE 

The  costs  of  the  work  on  the  Vancouver,  Wash.,  bridge  were  the 
result  of  ideal  conditions  as  to  weather,  material  through  which  to 
sink,  and  as  to  cost  of  lumber.  When  the  work  was  begun  on  this 
treatise  it  was  the  intention  to  give  these  costs,  but  mature  consider- 
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ation  leads  the  author  to  conclude  that  they  would  be  misleading 
in  the  extreme  and  for  that  reason  they  will  be  given  on  the  basis 
of  ordinary  conditions  about  as  represented  by  caisson  No.  3. 

The  labor  of  building  the  caissons  includes  the  cost  of  launching, 
towing  to  position,  driving  dolphins  to  hold  in  place  till  landed  on 
bottom,  and  building  up  as  caissons  were  sunk,  and  the  wages  of 
general  foreman. 

The  labor  of  sinking  includes  all  the  pressure  men  or  sand  hogs, 
outside  lock  tenders  and  watchmen,  general  foreman  and  all  force 
account  work  on  Power  Barge,  including  a  proportion  of  wages  o( 
master  mechanic;  also  includes  the  cost  of  placing  the  concrete 
inside  of  working  chamber  that  was  done  by  sand  hogs. 

The  labor  of  concreting  includes  all  cost  of  handling  material, 
namely,  cement  into  and  out  of  cement  house,  towing  sand  and  gravel 
from  digger,  etc.,  also  the  proper  proportion  of  the  wages  of  the 
general  foreman.  The  cost  of  cement  includes  $1.71  per  barrel  for 
freight. 

Caisson  pier  Na.  Ill: 

Labor  per  M.  B.  M.  on  timber i8. 

Timber  per  M.  B.  M 1 1 

Rods,  bolts,  spikes  and  oakum  per  M.  B.  M 5 

Locks  and  shafts  per  M.  B.  M 7 

Miscellaneous  per  M,  B,  M 

Gross  volume  including  working  chamber  68,8:6  cu.  Ft. 

Labor  per  cu.  f  t 

Timber  per  cu.  ft 

Iron  and  oakum  per  cu,  ft 

Locks  and  shafts  per  cu.  ft 

Miscellaneous  per  cu.  ft 

Total  per  cu.  ft.  gross  volume 

Concrete  pier  HI: 

Labor  pter  cu.  yd 

Cement  per  cu.  yd 

Sand  and  Gravel  per  cu.  yd 

Miscellaneous  per  cu.  yd 

ToUl  per  cu.  yd 


Sinking  pier  III: 

Labor  per  cu.  (t.  of  gross  volume 

Fuel  and  miscellaneous  per  cu,  ft.  of  gross  volume.  . 

Total  cost  per  cu.  ft.  of  gross  volume 

Labor  per  cu.  ft,  sunk  below  low  waler 

Fuel  and  miscellaneous  per  cu.  ft.  sunk  below  low  w, 
Total  cost  per  cu.  ft.  sunk  below  low  water 


Pier  III  was  expensive  on  account  of  being  the  first  and  being 
charged  with  several  delays  waiting  for  material,  also  on  account 
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of  going  s  feet  into  boulders  and  cemented  gravel  which  had  to  be 
blasted  and  hoisted  out.  All  material  in  the  other  caissons  was 
removed  by  the  wet  blowout  process,  no  sand  pump  or  ejector  being 
used. 


The  making  of  the  detailed  estimate  of  cost  for  a  pier  or  wharf 
is  not  very  difficult  but  to  be  sure  of  the  character  of  the  bottom, 
the  conditions  surrounding  the  work,  and  every  thing  that  will 
afifect  the  cost  is  the  all  important  matter. 

The  keeping  of  costs  to  be  of  any  value  must  be  on  a  uniform 
basis  from  year  to  year,  and  it  has  been  the  author's  custom  to  have 
the  cost  of  framing  and  placing  lumber,  and  the  cost  of  driving  piles 
include  all  plant  installation,  rigging  and  incidentals,  which  will 
explain  the  seemingly  high  unit  costs  in  the  following  estimates 
of  piers  and  wharves. 

The  ordinary  type  of  pier  with  creosoted  piles  is  well  shown 
by  that  at  Fort  Ward  on  Puget  Sound,  and  the  method  of  estimating 
the  cost  can  be  seen  from  the  following  estimate  from  which  the 
structure  was  actually  built.  The  houses  on  the  wharf  were  very 
small  and  the  cost  was  figured  at  a  seemingly  high  rate  per  cubic 
foot.  The  driving  of  the  piles  could  be  sub-let  to  a  small  concern 
well  inside  the  cost  given  and  the  same  is  true  regarding  the  framing 
and  placing  of  the  lumber. 

However  if  every  contractor  would  figure  on  the  basis  shown, 
there  would  be  a  much  better  tone  to  the  construction  business. 


FORT  WARD  CREOSOTED  PH.E  PIER 
30X318+70X100  =  13,560  Sq.  Ft. 


Pio  {not  including  buildingi): 

Bearinf-  piles  creosoted 7350  ft. 

Piles  @  0.3s  and  towinfi  0.01. 

Driving  piles  and  capping 207 

Fender  piles  crcosoled 1150  ft. 

Kles  0.38,  towing  o.oi. 

Driving  piles 40 

Bracing  lumbet  creosoted 24  M. 

Lumber  38.00,  towinft  3.00,  placing  5.00. 

Lumber 119  M. 

Towing 119  M. 

Framing  and  placing :oi  M. 

Ixtga  ID  float  in  place 3  M. 

Bitts 6 

Placing  biits  (j  old) 8 


39 

877- 

.00 

120. 

.00 

II04. 

SO 

1.168. 

.00 

1.9. 

.00 

4<M 

30. 

.00 

90 

.00 

»6. 
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ESTIMATING  THE  COST 

Hardieart: 

Bolts. 3300  lbs,     ®      $6.1 

Drill  bolls 2800  Il>s.     @        a . ; 

Washers 3700  lbs.     @        a.( 

Boat  spikes 1600  lbs.     @        3.1 

Nails  and  spikes. 1000  lbs.     @        3.1 

Galvanized  wire  K^ 300  ft-       @        o.: 

Galvanized  pipe  i  incb 60  It.       ®        o.: 

Sill  covering 5000  sq.  ft  @       o.t 

TearinK  out  old  wharf 

Grading  approach 

Relftying  track 


General  Expense,  6  per  cent. . . 


Profit,  I  li  per  cent 

Cost  per  square  foot 

Storehouse  10X40X8  ft.  =  .sioocu.  fl 
Boat  house  No.  i  i6X4oX8  =  si;o  fu 
Boat  house  No.  i,  52X14X8  =  9984  ci 

Piles  in  boat  houses,  B30  ft 

Driving  24    piles 

General  Expense,  6  per  cent 


$0.76     $10360.45 
■  480.00 


tnjl.o 


The  estimate  for  the  Tacoma  Smelting  Co.  pier  is  for  a  heavy 
wharf  to  carry  piles  of  ore  and  is  very  nearly  as  heavy  as  those  built 
by  the  navy  department  to  carry  light  trains,  guns,  and  warship 
material. 

TACOM.\  SMELTING  CO.  PIER,  TACOMA,  WASH. 
540X40— 21,600  Sq.Ft. 

Piles creosoted ■ 34,025  ft.      ®      £0.50       817,462.50 

TowiHR  piles 34.q2S  It.     @        0,005  '74  60 

Driving  piles 635         @        2.50  1,587,50 

Painling  pile^ 635  @        o  jo  317-50 

Lumber  merchantable 107  M.    @       10.00  1,070  00 

Lumber— deck 86  M,    @       13.00  1,118.00 

Framing  and  placing 193  M.    @         500  965,00 

Cap* 44  @  $10  00    1140.00 

Stringer? 61  @      3.50    217.00 

Sheeting 32  @      5.00     111.00  Average 

Plank 6s  @      300    195°°      Jj.ooperM. 


103  e 


962. 
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BDB-AQUEOUg  FOUNDATIONS 


Wroughl  iron: 

Drift  bolts 1650  ibs.  @  0,04  66 

8-in.  spikes  wire 1900  lbs.  @  o.oj  87 

40  d.  nails 500  lbs.  ®  0.03  15 

10  d.  naib 500  lbs.  @  0.03  15 

General  Expense,  6  percent 1378. 

»34,3S6 
Profit,  ii\  per  cent 3,044 

Cost  per  square  foot $         i. 


The  most  recent  timber  pier  for  the  navy  yard  on  Puget  Sound 
(Fig.  465)  described  in  Chapter  XXVII,  with  the  piles  and  bents 
8  feet  center  to  center,  is  of  the  heaviest  type  of  wooden  pier  ever 
built. 

The  estimate  of  cost  gives  all  the  details  entering  into  the  con- 
struction. 


,401 

i,W1 

bog 

.13 

1.OTO 

<»s 

^21 

■lo 

I,7S3 

KX 

.oo 

1,464 

.00 

48 

.-io 

SS8 

,00 

1,116 

PUGET  SOUND  NAVY  YARD,  PIER  NO.  6 

80X504  Fi.  s  In. =40,350  Sq.  Ft. 

Piling  (creosoted)  i6-ir 
Piling  (creosoted)  lo-ir 

Piling,  untreated. ^,166  ft.  @ 

Towing 64,376  't.  @ 

Driving  straight  piles. joi  @ 

Driving  bollard  piles m  @ 

Driving  brace  piles 344  @ 

Driving  comer  brace  piles.,  , 8  @ 

Driving  fender  piles 143  ® 

Pile  cut-off 1,116  @ 

Pile  points 1,116  @ 

Pile  NoUhing: 

Bearingpiles 690  @    0.50        345'°o 

Bracepiles 252  @    0,50        126.00 

Lumber 442  M.  @  i().70     8,707,00 

Lumber,  towing 13  stows  ©30.00        360,00 

Lumber,  Iraming  and  placing 442  M.  @     5.00     2,210.00 

Wrtmghl  iron: 

Screw  Bolts  fgalvaniied) 'S.jSs  lbs.  @     s  iS      MSS.io 

"  U  "  bolls  (galvaniied) 6,410  Ibs.  @     S-3S         342.94 

Drift  bolts  (galvanized) 10,730  Ibs.  @     5.35         S74,o6 

Angles  bolts  (galvaniMd) 3,630lbs.  @     5.35         iM.so 

Spikes  boat  (galvanized) 6.5  ions,  6i  ktgs '@     3  60        iaj  lo 
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R;^ 

Rail  joints 

Spikes,  railway.. 

Bolts 

Frog." 

Switch 


SUB-AQUEOUS  FOUNDATIONS 
27  tons      @  40.00 


Cast  iron: 

Wasiiers  (galvanized}.. 

Bollard  caps 

Towing  iron 

Laying  track 

Cart>ollneuni 

White  lead 

Pitch 


General  expense,  6  per  cc 

Profit,  \i\  percent 

Cost  per  square  foot 


37 


The  cost  of  concrete  piles  for  a  piece  of  work  with  only  5000  "" 
linear  feet  of  piles  to  be  driven  is  given  below,  but  the  cost  of  con- 
crete could  be  very  greatly  reduced  as  it  includes  the  cost  of  forms; 
and  the  cost  of  driving  could  be  reduced  very  greatly  with  a  larger 
number  of  piles  to  be  driven. 

COST  CONCRETE  PILES  PER  LINEAR  FOOT 

Concrete , ,  (0.490 

Bars  and  wire •, 0.114 

Driving 0.606 

Tests o.oji 

Driver 0.09* 

*i.4J3 
General  expense 0.087 

Cost *1.520 


The  reinforced  concrete  railway  dock  at  Vancouver,  B.  C,  was 
similar  in  many  respects  to  the  one  described  in  Chapter  XXVII 
as  built  at  the  navy  yard  on  Puget  Sound,  but  many  changes  had 
to  be  made  during  the  construction  to  meet  conditions  that  had  not 
been  forseen,  and  the  estimate  is  given  simply  as  a  guide  to  the 
making  of  one  for  a  similar  structure.  The  cost  of  piles  in  the  first 
item  is  for  falsework  piles  to  support  the  forms. 
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ESTIMATING  THE  COST 


CONCRETE-STEEL  RAILWAY  DOCK,  VANCOUVER,  B.  C. 
450X400  Ft.=  180,000  Sq.  Ft. 

Labcir  ud  M 

Floor  System  Conerele  (i  :  3  :  4) 4190  yds.     @    $13.16      $5< 

C.        S-       G.      W.  M.  &  P.  F.       Piles 

3. 06+. 66+1. 34+.  10+1.50+3. 00+2.50 

ttaa  and  land  piers  (i  :  i  :  4) 360  yda.      @       10. 16 

C.        S.       G.       W.  M.&P.    F. 

3, 06+. 66+1. 34+,  10+1.50+3,  so 

Transverse  tits  {\  :  i  :  4) 65  yds.      @      io.i6 

C.       S.       G.      W.  M.  4  P.  F.     Eicav. 

3. 06+-66+1. 34+.  10+3. 00+3.00+10,00 

Cylittder  pitrs: 

CoaetetP  footings  (1:1:3) , 

C.       S.       G.    W.  M,  &  P.  Dredg. 

3, 60+. 80+1.  io+,  10+ 6.00  +  6.83 


940  yds.      ®       18.  ja 


ContreU  sheli  (i 


iS4yds.     ®      18. 1 


10+4.00+6.50+1.00 


Ereaing  shdU 38 

W«ght  of  each  shell  10  tons 
Erection  10  tons  @  ti.oo  —  tio.oo 

Reinforcing  in  sheO  and  filler 97,660 

Material 97,660  lbs.  @   .0335 

Labor 97,660  lbs.  @  .01 

Concrete  0er  (i  :  i  :  3) 65 S  yds 

C.       S.       G.      W.    M.  &P. 

3.6i+.8o+i.io+.io+»,oo 

ConcreUpUaU  :  1  -.3)) 6788110. 

16X16  ins.X46  ft  long 
C.      S.      G.        W.  M.  &  P.  F. 

3. 31+. 72+1. I5+.  10+3. 50+4.00=11, 89 

Royalty 


Concrete  1.8  cu. 
Ban,  18.5  lbs. 


labor 

material 

material. . . . 

Driving,  .17+bracing,  .10 

Breakage  (6X46  ft  Xli.7o)+678». . 
Driver  erection 


Excavation  dry  fill. . 


-0335       3.270-61 
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Reinforcing  ileel  other  than  in 

Piles  and  pitts » ylimlcrs 376  Ions        @ 

Materia!.  .0:35  X  looo  lln.  '^  47 .00 
Labor,  00(15X2000  lbs.=  rj  00 
Castings,  ttc 8  tons      @ 

Labor,  20. 00 -f  materia],  So. 00 
Bolts,  IJ58 3  tons      @ 

Labor,  60  oo+ma(erial,  So. 00 

CoSer-dam*  (10X10X25  ft.  high) 38  ® 

Wakelield  sheet  piling,  40  piles  @  ii  It.  long 
Lumber  in  ear h  ii2-[t.  B.M.  @  14  00=     1.57 
Framing  in  each  B.M.              @    4 .00  .45 

Driving  eath  pile 3.00 


40  Piles  @  s 

Bracing 

Duty 


General  Expense,  6  per  ti 
Profit,  la!  per  cent 
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CHAPTER  XXXm 

ESTIMATING  THE   COST— Cmtinued 

The  design  of  pier  No.  8  at  the  Puget  Sound  navy  yard  is  much 
lighter  than  the  later  ones  to  be  constructed  and  it  represents  a  type 
suitable  for  a  commercial  wharf  where  it  is  desired  to  construct  a 
moderately  heavy  reinforced  concrete  structure.  The  design  is 
similar  to  that  for  pier  No.  4  described  in  Chapter  XXVII.  The 
cost  per  square  foot  is  $330,  or  nearly  the  same  as  those  recently 
built  at  San  Francisco. 

U.  S.  GOVERNMKNT  PIER  NO.  8,  PUCET  SOUND  .NAVY  YARD 

Reinforced  Concrete.    60X403  Fi.- 24,180 


Concrete  above  piles  (1-3-4) 

Cement 1.5    ©240=360 

Sand 0.5     fe  1. 10-     55 

Gravel 1.00  fe  1,10=1,10 

Labor 3. 00 

Forms,  70,000  sq.  ft.  surface 
=  i;sM.  ©  14-00-1350 
Ubor       @  25.00=4375 

('3 

6725-  6.00 

13.25 

Granolithic,  35.000  ft\.  ft. 

Cemenl....  ^:  1.40X3  21=   7  7° 

Sand fe.  iioX    .95=   '  04 

Labor 12.00 

90c 

.  yds.  © 

20. 

30,74 
E-i|>anded  metal 

0.04+0.04 
Reinfonins  bars 

2. So+o. 10-1-0. f)o 

3,900  sq.ft.® 

16,000  lbs.     © 

3,400  ft.       © 

3,000  ll>s.     © 
7M.      to, 

3- 

0.10+0.10 

Galvanized  U-bolla,  ivasht-rs,  etc 

Fender  walcs 

D.qil.zMBlG001^le 


SUB-AQUEOUS  FOUNDATIONS 


Slip  lumber S  M. 

@ 

Sheaves  brackets 

fffi 

t.g7+f>+So.os+i.oo    374,'»olbs. 

@ 

SOO+i.io 

(n) 

3S«    +0.10+1.00 

Forma  average  surface  300  sq.  ft.  per  shell 

® 

Average  weight  5.5  Ts  per  sheli 

55° Ts. @  12.00 

100  Piles @  6000 

ConcMe  in  shells-=i-»                               270  yds. 

Cement 3.40X3.11-7.70 

Sand I .  loX   .Q5=l-C4 

Ubor ii-»6 

Labor 3.00 

14  Cleats 3,oco  lbs. 

Plant  I  ,ooo.oo,  tracks  joo.oo,  houses  Soo.oo 

Interest  700.00,  bond  37500 

Demurrage 60  days  @ 

0.00       5,400.0a 


General  Expense,  6  per  ct 


Coal  per  square  foot 3.30 

The  heavy  reinforced  concrete  pier  constructed  at  the  Puget 
Sound  navy  yard  in  iQi,^,  was  described  in  Chapter  XXVII  and 
illustrated  in  Figs.  380,  381  and  382.  The  contract  was  let  slightly 
under  the  cost  shown  in  the  following  estimate,  but  at  figures  which 
were  manifestly  too  low,  if  any  part  of  the  general  exjwnse  was  to 
be  earned,  to  say  nothing  of  any  profit. 
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ESTIMATING  THE  COST 


The  pile  approach  covers  a  distance  that  later  on  will  be  an 
earth  fill,  inside  a  new  sea  wall  at  the  inner  or  shore  end  of  the  con- 
crete wharf. 

U.  S.  GOVERNMENT  PIER   NO.  4,  PUGET  SOUND  NAVY  YARD 

Concrete  Whakf  490X80  Ft.— jg.joo  Sq.  Pr. 

Pile  AppkOACH  110X50  Ft.  =  10,500  Sq.  Ft. 


Canrrrte: 

Cylinders,  sheila  68  @  uyds 

Proporlion  i  cement  lo  4^  sand  and  gravel 

Cement a. 00  @-  2.10=4.10 

Sand 42  @     -85-   .36 

Gravel S4  @      85-   .73 

Forms  I  iS  sq.ft..  @     .08=9,44 

Mixing  and  placing 3.00 

Water. 0.10 

Plant 1.00 

18, Sj 

Placing  shells 

Gov.  ilcrricic  S  hm.,  t4S.oo-!-4>' 12.00 

I.abor  bracing,  etc 38.00 

Cylinders  filling  CjB  cyl.  @  33  yds 

Proportion  i  cement,  6j  sand  and  gravel 

Cement 1.41  @i  1.10=1.96 

Sand 40^     .85-   .34 

Gravel 89®     .85-   .76 

Form* 00 

Mixing  and  placing 80 

Water 10 

General i.oo 

Concrdt  cops  i  :  jj  13 

C.        S.         G.       F.     M.&l".  W.    Pit. 

4  «J+. 36+. 72+5, 85+1. 50+. 10+1  00 
Columns  over  cylinder  i  :  i  J  ;  3 

C.        S.  G.      F.   M.iP.  W.     Ph. 

4. 20+. 36+.  71+3-30+1. S0+-1O+1. 00 
Floor  slab,  i  :  li  '.3 

C.        S.         G.       F.  M.&P.    W.     Pit. 

4  10+.36+.73+3.7S+1.SO+-I0+100 
CirdcT  casing,  i  :  1}  ;  3 

C.       S.       G.        F,  M.&P.  W.    Pit. 

4.jo+.36+.7i+7.()5+i,5o+.io+i.oo 
RciiifoTciHg  sttrl: 


8;s  cu.  yds.  @  $18.81      $15,5*6.50 


3.1°oo 
11,665.0 


J" 


Freight,  Seattle  to 

Loading  i.oo  an 

Placing  in  shells.  . 


0,500  lbs. 
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Placing  in  cylinder  filling 7S  Ions 

Placing  in  caps S2  tons 

Placing  around  girdtTS 5  tons 

Placing  floor  slab 56  tons 

Electric  fabric  4X4X8  wire 56,000  sq.  ft. 

Material  1.7s,  labor  i.oo 

No.  38  gauge,  4  rih,  hy.-rib 43i3So  s<l'  't- 

Material  4.  25,  labor  2.00 

Angles  in  caps  3-6X4X)  in 48,600  lbs. 

Struclural  tied 1,164,400  lbs. 

Freight,  Seattle  to  yard 583  tons 

Erection 583  tons 

Cleats. 1 

C.  I.  bollards. 

C.  I.  rail  stops \  40,000  Ihs. 

Manhole  frame  and  cover 

Fire  pings > 

Waterproofing  for  cement 13.600  lbs. 

Material  o.ii,  labor  o.oi 

Rails,  70  lbs.  A.S.C.E.,  2700  ft 32    tons 

Continuous  rail  joints 82  tons 

Fn^  and  switches. i  set 

Uiying  track 

PUing: 

CreosoUd,  191  @  j;  ft 10,890  (t. 

Driving 191 

Cut-off 191 

Pdnting 191 

Brace  piles  (cmsoted)  jo  @  61  ft 3,030  ft. 

Driving. 50 

Cut-off 50 

Pointing. 50 

Bollards  (creosoted)  4  @  65  ft 260  ft. 

Driving 4 

Cut-off,  pointing,  rounding  off  top 4 

Fender  piles: 

Approach  and  pier,  193  @  64  ft ti,iio  fi. 

Driving 193 

Cut-oS 193 

FoundatEon  piles,  70*  @  74  ft S.i9S°  ''■ 

Driving 702 

Cut-off 703  . 

Limiber  deck 34  M. 

Labor 34  M. 

Lumber,  general 8*  M. 

Labor 82M, 

Drift  bolls  (galvanized) S.ooolbs. 

Machine  bolts  (galvanized) 6^00  lbs. 

Fxp.  bolts  (galvanized) i^S"  'hs. 

U-bolt9  (galvanized) S.^oo  lbs. 

Angles  (galvanized) SSo  IIm. 

Washcre 900  tb«. 

Boats  spikes 900  lbs. 

White  lead 10  gals. 

Catbolineum 2  bbls. 


(pi 

10.00 

810 

(." 

3-75 

5° 

500 

@ 

6.2s 

1.709 

@ 

5.00 

46,576 
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ESTIMATING  THE  COST 

Cable  tor  cluster  piles aoo  (I. 

4-C.  I.  pipe. 3,Kt>  lbs. 

Cluster  piles,  12  ©  83  tt 1,000  ft. 

Driving 11 

Cut-off 12 

Wrapping 


Geoeral  Expense,  6  per  c( 

Profit,  ul  percent 


160 
60 

6 

00 
00 

10,438 

f)0 

»i84.332 
13.019 

« 

$307,161 

SO 

Cost  pet  square  foot  concrete  portion 

The  estimate  of  the  concrete-steel  viaduct  described  in  its  several 
features  in  the  preceding  pages  and  illustrated  in  Fig.  64  is  given 
below  in  its  revised  form. 

EAST  TWENTY-FIRST  STREET  VIADUCT,  PORTLAND 
Cencrele: 

Floor  system  1-3-4 1.63 J  yds.    ©$14.11       $23,041.63 

C.       S.        G.       F.         S.    M.&P.  W.      Pit. 
i. 80+0. 50-1-0. 90-1-4.67-1-1. 73-1-0. 94 -1-0. 08+1. 50 

Columns  1-2-4 407  yds.    @     14,11  S, 743. 77 

Abutments  1-3-5 958  yds.    @      6.4X  6,140.78 

1 -QiH-o.so-fo, 90-1- 1. oa-l-o. 00-1-0.  S3-fo,  05  +  1.50 

Footings  1-3-4 ^  yis.    @      7.33  4,457.88 

3.80-1-0.50-1-0.90-1-1.02-1-0.00-1-0.53+0.08-1-1.50 

Cement  railing 695  ft.      @      3.21         ',535.95 

Per  Lin.  Ft  Cem.  S.  &  G.  Forms  M .  &  P. 

0.30+0. 13+1. 4.+0. 38 

Rdnforcing  Steel 329  yds.    @    47-90 

St.  37 ,00+unload  0.55+bend  3.16+pladng  8.19 

Concrete  piles 3,7)0  ft.     @      1 ,43 

Concrete  o.4g+3teel  o.ii+driv.  o.6i+testso.03+drivero,OQ 

Elertric  welded  fabric 20,000  sq.  ft.    @    0.03 

Dry  earth  excavation 3,599  yds.      @    '-00 

Wet  earth  excavation 75j  yds.      @    4.00 

Earth  Gil 5,800  yds.      @    0.33 

Rock  excavation 14  yds.     @    5. 00 

Lampposts 14  ©45,00 

Bitulithic  pavement 4,283  sq.yds.@    j-64 

Cement  ^ewalk ,      5,8i4«q-  ft.   @    0.08 

Concrete  curb 119  lin.  ft.  @    0.32 

Plant  not  distributed 


General  Expense,  6  per  ct 
Profit,  12I  per  cent 


388 

96 

600 

00 

3,599 

00 

1,914 

86 

70 

00 

630 

<x> 

7,024 

38 
1.75" 

oS 
80 

$75,473 
4.S38 

05 

33 

$80,000 

,17 

10.000 

03 

$90,000.40 
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The  estimate  of  three  6o-foot  reinforceJ-concrete  arch  spans 
which  follows,  gives  the  relative  amounts  which  enter  into  the  foun- 
dations and  the  substructure  of  such  a  bridge. 

The  costs  of  concrete,  of  steel  and  of  the  coffer-dams  and  erec- 
tion are  extremely  low  and  yet  the  contract  was  let  at  figures  below 
the  cost  given.  When  contractors  learn  to  make  each  piece  of  work 
carry  itself,  then  will  the  continual  friction  between  engineers  and 
contractors  cease,  as  no  contractor  who  has  a  losing  job,  or  a  very 
low  priced  one,  will  long  remain  in  a  calm  state  of  mind  unless  he 
is  receiving  undue  consideration  from  the  engineer. 


THREE  60-FOOT  REINFORCED  CONCRETE  ARCHES,  SPOKANE,  WASH. 

B  or  C  concrete  1-3-5: 

Concrete iJ7syds.  @         6.20      87.90500 

"  A  '■  concrete  1-1-4  arch  ring: 

Concrete 11 35  yds,  @          7.70         8,662.50 

"  A  "  Concrete  1-1-4  parapet  and  spandrel  walls; 

Concrete 280  yds.  @         9.70        2,716,00 

Mortar  1-3 75  yds.  @           i.oo            825.00 

Steel  reinforcing: 

\  in.,  13,400  lbs 1 

i  in.,  13,800  lbs ,.  - 

i  in.,  .08,000  lbs i74,2oolbs.  @  1.90         3.325.00 

I  in.,  40,000  lbs J 

Haul  and  erection:  2.00  and  13.00 174,200  tbs.  @ 

Excavation,  dry 500  yds.  @ 

Excavation,  wet  and  pumped 1000  yds.  @ 

Piling  25  ft 7,800  ft.  @ 

Pile  driving 312  @ 

Pile  driver 

Lumlwr  in  bullchead 1  M.  @ 

Fill 6,500  yds.  @ 

Grading 4,500  yds.  @ 

Water  proofing 1,600  sq.  yds.  @ 

Asphalt  roadway 1 ,050  Mj.  yds.  @ 

Concrete  sidewalks 450  aq.  yds.  @ 

Electric  lights  complete 8  @) 

Riprap 173  yls.  fe 

Tarred  paper 2,000  sq.  ft.  @ 

Asphalt. 2  bbls.  @ 

Bronze  name  plate  i  fl.  3  in3.X2  ft.  o  in.,  ..  1  ® 

6-in.  Conduit i  ,400  ft.  @ 

6-in.  Water  main 460  ft.  @ 

|-in.  Clamps 500  @ 

Curbing 690  ft.  @ 

CofTer-dams  (estimated) 3  @ 

Arch  centers  (estimated) ,  .  3  @. 


,Goo<^le 
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Removing  tAd  span 

Temporary  bridge 3S*  fl' 


General  Expense,  6  per  a 


Profit,  12S  per  cent 6,158. 


*SS.4iS.SO 


The  bridge  designed  for  crossing  Sullivan  Gulch  in  Portland, 
Ore.,  by  H.  W.  Holmes,  M.  Am.  Soc.  C.E.,  is  a  very  successful  attempt 
to  have  a  bridge  at  East  Sixteenth  Street  that  will  be  a  piece  of  archi- 
tecture and  at  the  same  time  serve  the  same  utilitarian  plirpose 
as  the  one  at  East  Twenty-first  Street.  The  main  arch  has  a  clear 
span  of  160  feet  and  is  of  twin  rib  reinforced  concrete  design.  It 
carries  a  40-foot  roadway  and  two  lo-foot  sidewalks.  The  bridge 
(Fig.  466)  is  practically  symmetrica!,  is  well  balanced,  beautifully 
detailed  and  is  in  all  respects  one  of  the  best  designs  for  such  a 
structure  that  has  ever  been  prepared. 

EAST  SIXTEENTH  STREET  CONCRETE  ARCH,  PORTLAND,  ORE. 

Concrete  "  A  "  (1-2-4),  3840  yds. 

Cement i.sjbbl.   @  3.oo=%3.is 

Sand 0.50yd.    @  1.40=  ,70 

Gravel 0.86  yd.    fe)  1,40=  1.21 

Water =  .08 

Royalty  spouting =  ,10 

riant "  .6a 

General  Exp  , -=  .60 

Total 16  45 

Arch  rings 1,000  yds.      @  I12.79     $12,790.00 

eonc.-l- iabor-t-forms+clrs. 

6. 45H-0, 84 -1-1,50-1-4. 00 

Columns  and  girders 2.300  yi!s.        @     11.29        ^5,967. 00 

'  ronc.-l-labor-|-forms-l-shoiinfi 

6.45-1-0,84  -t-    2  .00  -|-      3. CO 

Roadway  slab. 433  yds.        @     11,09         4,Sot  .97 

cone. -f  labor-!-  forms + shoring-l  -  *.p. 

6,4S-(-o,84-t- 2.00    +  1.50  +0.30 
Sidewalk  stub, , 107  yds,        @     10, 79        >.iS4-53 

cone. -|- labor -1- forms -i  shoring 

6,45+0  84-1- ;  00+    i-so 

6-in.  Tile  drain 350  fi,         @      0.05  17  50 

Sheet  lead 3,200  lbs,       @      0,09  1S8.00 

Bronzeplate 6,550  lbs.       @      0,35         2,292,50 

Conduit 9,064  (I,         @      0,15  516,00 

Coat,  47,827.50-!-  .3840= iM,"!  per  yard  *47.8i7  ■  3« 
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Concrete  "  B  "  (1-3-5)  ^°5°  yds. 
Cemenl.   ..   i.iobbl.  (a:   j.io^ 

Sand 0.50yd.    ^,  1.40' 

Gravel 0.85  yd.    ^1  1.40 

Waler 

Royalty  spouting 

Plant 

Gen.  Ex 

Total 

Arch  footings 

conc+labor+forms 

5-79+0-SO+  0.3S 
Columns,  footings. 

conc+labor+forms 

5.79  +  030+0  IS 
Abutments. 


.60 

.60 

3-79 
48s  yds. 


Reinforcing  steel: 
Struct,  steel 


6.97  per  yard 

l'j7,ooolbs. 


137,0 
403,= 


olbs. 
olbs. 


Total $19,635.0 

lQ,625  +  540,oooi'.036  per  pouml 


688  ft. 

1; 

300  yds. 

fia 

a. 

icoyds. 

ia, 

500  sq.  yd 

to; 

I, 

16 

<IS 

SO 

$10,444.00 

Tolal  cost. $93,195.90 

General  expense  additional 1,400.00 


«93.5<)S-90 
11,699.50 


The  bids  received  for  building  scows  will  vary  more  than  on 
almost  any  other  class  of  timber  construction,  many  bidders  count- 
ing on  throwing  the  material  together  in  almost  any  way  to  make 
the  form  of  a  scow,  thus  causing  the  owners  endless  expense  in  repair- 
ing and  recalking. 
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The  estimate  given  is  perhaps  higher  than  most  persons  would 
figure,  but  to  obtain  a  perfectly  good  piece  of  ship  carpentry,  enough 
must  be  spent  to  obtain  first  class  workmanship.  By  using  cheaper 
lumber  and  rougher  workmanship,  the  net  cost  might  be  reduced 
about  $1500.00,  and  by  substituting  longitudinal  bulkheads  in  place 
of  the  solid  ones,  a  still  further  reduction  can  be  made. 


scow  OR  LIGHTER  100X32X10  FT.  DEEP 

iMmftef  delivered 112  M,      @  9iS'5°     $1,856.0 

Framing  and  pl^ng 113  M.      @    10. co     i,24o.oq 

Mdat: 

Drifts  iXjoins 9800  lbs.     @ 

Drifts  J  X  30  ins 6800  lbs.     @ 

Spikes  galvanized 3000  lbs.     @ 

Sfukes  common 303  lbs.     @ 

Machine  bolts 540  @ 

Clinch  rings. 300  @ 

Nafls. 

Washers 

RQd366,  iin.byioft i8oolbs.     @ 

Cornei  irons  and  straps 1450  lbs.     ^ 


„  .  ,/  J  cases  copper  \  ... 

P'""'  1 20 gals,  mineral; 

Felt  (and  lacks) 10  rolls    6 

Oakum 18  bales  ^ 

Pitch 4  bbb.  ^ 

Cement i  bbl.    ^ 

Labor  talking  and  pitching 


General  Expense,  6  per  « 
Profit,  12}  percent 


183 

177 

60 

108 

00 

9 

S 

00 

101 

SO 

40 

00 

62 

00 

S3 
'05 

00 

3 
S50 

»S 
00 

16,893 
413 

7S 

60 

*7hJ07 
913 

3S 

40 

The  estimate  of  the  Navy  Quay  Wall  is  for  one  in  shallow  water, 
and  built  mostly  during  low  tide,  although  a  daily  variation  of  18 
feet  in  the  tides,  made  the  work  much  more  expensive  than  would 
appear  from  an  examination  of  the  cross-section  in  Fig.  411.  The 
concrete  was  figured  at  a  time  when  cement  was  abnormally  high, 
and  the  use  of  the  galvanized  cast  iron  nosing  added  very  greatly 
to  the  expense  of  the  wall.  The  cost  per  lineal  foot,  however,  is  very 
reasonable  for  such  construction.    The  cost  of  labor  on  the  concrete 
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covered  the  plant  cost  and  the  cost  of  pile  driving  covered  the  cost 
of  driver. 


QUAY  WALL  AT  BREMERTON,  WASH.,  REINFORCED  CONCRETE 
685  Feet  Long 

Excavation: 

Above  low  tide 400  yds.  @    fi.oo  S401 

Below  low  tide 1,500  yds.  @       3,00  3,001 

Sheet  pUing: 

Wakefield,  6  ins.  X  16  ft.  (16.00+14.00) So  M.    @    30.00  j,40( 

Wales  (16.00+6.00) 13  M.    @    22.00  i8< 

Guide  piles 1,800  ft.     @      0.08  14^ 

Driving  piles 110           @       5 .00  SS< 

Bdts, 33.000  Iba.   @      o.o5  i,3a< 

Removing  sheet  piles,  etc 98' 


FoHitdaiioH  pUts: 

PiUng 

Driving  piles 

Concrde  1-3H; 

cem.,  j.oo+s.,  o.so+g.,  i.oo+forms,  j.jo+laljor,  i 
Concrete  1-1-4 

4.45+0.45+0.90+3.20+3.00 

Concrete  1-2  mortar  face 

Rtinforcini  sled  (3.10+0.80) 12 

Nosings: 

Galvanized  cast  iron : 

Bdts. 


Genera]  Expense,  6  pet  <x 


Cost  pel  lineal  Coot,  $66  Jo $45,730.0 


The  author  has  for  many  years  used  a  form  of  daily  report  for 
construction  work,  which  tells  at  a  glance  Just  what  has  been 
accomplished  on  each  piece  of  work ;  and  with  these  arriving  by  mail 
every  morning  from  various  scattered  crews,  one  is  enabled  to  know 
just  where  it  is  necessary  to  apply  remedies  for  too  high  costs. 

The  form  of  daily  report  from  a  quarrj'  Job  is  pven  below  and 
tells  plainly  just  what  each  kind  of  work  in  each  section  of  the  quarry 
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was  costing  and  shows  also  the  movement  of  scows  and  tugs,  as  well 
as  other  needful  information. 


N.  P.  RY.  WATERMAN  QUARRY  DAILY  REPORT,  OCTOBER  28,  1913 


Dtily  Report. 

No.  M«n. 

Payroll. 

Amt.  Done. 

Unit  Cost. 

s 

8 

38 
15 

3 

fl7SO 
13.20 
28.41 
130.7s 
108.70 
47-95 
26.7s 
6,67 
14.44 

>3.33 
8.24 

335 
108 
33S 
608 
335 
608 

E64  Drilling  and  blasting.  No.  i 

No.  s 

0,04 

O.OJ 

No.s 

0-04 

128 

•413.95 

943 

191 

•44 
»83 
325 

Scow  March            Total  N.  P 

"    Wash.  No.  3          "          

"    ChesleyNo.8        "          

"    W.T.&B.No,i  "         

Time  tug  dcpartetl,  Defender 

No.  Scows,  i,  4-3°  *■"•■  Oc^-  '9. 

1913- 
Empty  scows  on  band,  5 
Weather,  Cair. 

The  method  of  figuring  the  items  going  to  make  up  the  cost  of 
a  pile,  brush  and  stone  river  dike  is  shown  in  the  following  estimate. 
The  cost  of  all  the  items  will  vary  greatly  from  the  figures  given, 
with  a  change  of  locality  and  conditions,  so  that  only  the  forms  and 
general  cost  is  of  value  in  estimating  on  other  work.  For  each  case 
it  will  be  necessary  to  determine  the  number  of  scows  required, 
the  number  a  tug  can  tow,  the  delays  from  repairs  and  weather, 
and  many  other  things  affecting  the  costs.  The  rip-rap  rock  in  the 
case  given  had  to  be  laid  up  on  the  face  to  a  i  to  i  rough  slope;  if 
it  was  only  to  be  dumped  to  this  slope  the  cost  would  be  less,  and 
if  laid  up  to  a  smooth  face  like  paving,  the  cost  would  be  much 
greater. 
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GOVERNMENT  RIVER  DIKES 

SfMe,  broken,  sorted  and  loaded $0.7 

Scows  (6  per  day  @  (6.00) 

Towing,  30  miles 

Tow  by  launches  in  river 

Unloading  and  placing. 


General  Expense,  6  per  cent 

Profit,  10  per  cent 

Total  per  cubic  yard ti . 

Brush  fascines  on  scows 

Scows  (4  per  day  @  J6.00) 

Towing. 

Unloading  and  placing 

General  Expense,  6  per  cent 

PTo6t,  10  per  cent 

Total  per  cord  (fir) U  A 

Wm<m  brnsh,  fascines  on  scons 

Toning 

Unloading  and  placing 

Geiteral  Expense,  6  per  cent 

Profit,  10  pet  cent 

Total  per  cord  (willow) ♦5S4 

Piles  (or  dike,  delivered So .  060 


General  Expense,  6  per  cent 

Profit,  10  per  cent 

Total  per  foot  driven  and  cuI-oS $0  187 
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Lumber  rough  [dank  at 

Towin([ 

Frmning  and  placing. . 


rrofit,  10  per  ci 


Total  per  thousand  in  place ' *IS-7S 

Spikes  f.o.b.  per  loo  pounds ti.S* 

Placing o,  lo 

Waste 0.17 

fe.87 
General  Expense,  6  percent 0.13 

S4.10 


Total  per  100  pounds  in  place. S4.51 

Wirt  tor  fascines fc.SS 


General  Expense,  6  pet  a 


Profit,  10  per  cent... 


Total  per  looiwunds  in  place $3,4 

Summary: 

Stone 25,oooyds.@  fi.ss  Ijf 

Brush  (fir). 11,000  cdi.  @  4.45  4f 

Brush  (willow) 3,000  cds.  @  5.54  11 

Piles i;S,0!)ott.     @  0.187  S3 

Lumber 175  M."    @  i5-7S  a 

Spikes 3,000  lbs.     @  4.51 

Wire 7,20olbs.   @  3.48 

Total.  3.5  miles In;, 197. n 

The  daily  reports  following,  show  the  work  done  on  two  separate 
days  in  building  a  pier  and  doing  some  clam-shell  dredging  at  a  navy 
yard,  and  are  only  given  to  represent  the  method  of  reporting  the 
daily  results  of  the  work,  as  they  do  not  show  various  other  labor 
items  entering  into  the  cost  of  the  work.  None  of  the  costs  for 
material  is  shown,  nothing  for  fuel,  repairs  and  other  items,  including 
general  expense. 
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DAILY  DREDGE  REPORT,  NAVY  YARD 

TWENT¥-70UR  HoURS   ENDING    J   A.M.   MARCH    2$,    I9I3 


No. 

E„,ployn,.n. 

Hours.             Rt.le. 

a™«.,. 

J 

997 

J 

3 

7 

3  SO 

Cook      .                             

1 

ChaiActer  of  material Sand  and  gravel 

Average  depth lo  ft. 

Number  feet  moved s  a 

Average  widlh  cut 4* ' t- 

Average  depth  cut .- lo  (I, 

Number  boura  nm 13 

Yards  excavated 3 jo  (day  170,  night  160) 

Number  scows  moved 3 

e,  each  delay_ 


Time  and  ci 
Day      20  m 


Dumping 

Changing  cables  01 

Changing  scows. 


swinging  engine 


Total  delay  3  bouts. 
Tons  co^  used,  2. 
Weather  clear. 
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PUGET  SOUND  NAVY  YARD  DAILY   REPORT,  MARCH  24.  1913 


Daily  Report. 

No.  Men. 

■Pwroll. 

Amt. 

Dane. 

Unit 

Moftday 

8 

6 

S 

28 

$6a,si 
20  31 

4.00 

13.62 
16.7s 

330  yds. 

13  piles 

839  Dredging,  tug,     tio  00 

J  .10 

Ji.oS 

Making  cut-ofta  and  lilting  spur  piles 

Weather,  clear. 

PUGET  SOUND  NAVY  YARD,  APRIL  U.  1913 


Daily  Report. 

Removing  old  derk 

Old  piles 

839  Dredging.  Tug     Sjo.oo 

Labor    50 .  24 

Pier  deck  towing 

Unloading 

Laying 

Pier  piles  towing 

Driving  fender  piles 

Cut-ofi 

Track  unloading 

Laying 

Total  men  working 

Work  complete 

Material  Received: 

Scow  of  coal,  37  tons. 
Weather  fine. 


No.  Men.      Total  Payroll.    Amt.  Don 


19.50 

7.50 
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DAILY  DREDGE  REPORT,  NAVY  YARD 
Twenty-four  Hours  Ending  7  a.m.,  April  15,  1915 


No. 

Homa. 

Rule. 

AmDaat, 

7.33 

10,50 
3  SO 

00 

14 

Cbaracter  of  material Gravel 

Average  depth 12  It. 

Number  feet  moved 38 

Average  width  cut 40  ft. 

Average  depth  cut 12  ft. 

Number  hours  run 16 

Yards  excavated 680  (day  410,  lught  170) 

Number  scows  moved 5 

Time  and  cause,  each  delay 

Day     I.JO  mins.      Oiling,  putting  new  guide  wheel  in  bucket 
Changing  sc 

Night  I.     mins.     Oiling 

Changing  sc 

.30' 


I  hours  overhauling  machinery 


Total  delay,  6  hours. 
Tons  coal  used,  z 
Weather,  fine. 
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The  cost  sheet  of  a  steam  shovel  job,  where  the  loading  was 
done  into  wagons  is  given  below  and  shows  all  the  items  chargeable 
to  such  a  piece  of  work.  The  general  expense  item  is  higher  than 
usual,  as  it  includes  a  rental  charge  for  the  shovel,  as  set  forth  in 
the  agreement  and  which  is  in  reality  part  of  the  profit. 

The  costs  for  dipper-dredge  work  should  be  kept  in  like  detail 
in  the  ledger,  although  for  floating  plant  the  repairs,  rebuilding  and 
depreciation   are  much   larger  and   more   important   items.    The 


Fio.  469.— DtppER  WTTH  Teeth  foe  Dredging  Hard-pan. 

unit  cost  is  determined  when  the  average  daily  cost  of  operating 
the  plant  is  known,  by  dividing  this  cost  by  the  number  of  yards 
the  plant  will  excavate  per  day,  as  is  shown  by  records  of  sijnilar 
work  as  modified  by  the  judgment  of  the  engineer  and  estimator, 
owing  to  the  size  of  the  work,  character  of  the  material,  and  the 
local  conditions. 

To  give  this  information  properly  would  require  a  separate  chapter 
and  this  is  not  within  the  scope  of  the  present  book,  but  the  author 
hopes  at  some  future  time  to  cover  all  this  for  all  kinds  of  dredges 
in  a  separate  volume. 
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The  items  going  to  make  up  the  cost  of  a  suction  dredging  job 
and  which  should  be  kept  separate  on  the  ledger  account  of  each 
piece  of  work  are  labor,  fuel,  pipe,  new  machinery,  material,  repairs, 
renewals,  supplies  and  incidentals.  To  these  must  be  added  depre- 
ciation, general  expense,  and  in  some  cases  the  cost  of  levees,  bulk- 
heads and  other  shore  work,  ■ 

The  two  items  of  renewals  and  depreciation  are  in  a  sense  s>-non- 
omous  or  at  least  interdependent  to  the  degree  that  renewals  may 


Fig.  470. — CovoTE  Shot,  40,000  Yards  of  Rock  in  the  Are. 

be  made  to  an  extent  that  depreciation  after  the  first  j'ear  becomes 
a  very  small  quantity,  but  the  two  taken  together  form  a  very  large, 
but  often  neglected  item  of  cost. 

When  the  engineer  or  estimator  has  not  had  the  necessary  expe- 
rience to  properly  judge  and  estimate  the  average  daily  cost  and 
output  for  any  particular  piece  of  work,  he  should  consult  some  one 
who  has  or  else  obtain  preliminary  figures  and  eventually  bids  from 
firms  having  a  wide  experience  in  dredging. 
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SELECTIONS  FROM  SPECIFICATIONS 


APPENDIX  I 

SPECIFICATIONS    FOR     COFFER-DAMS    AND    FOUNDATIONS, 
OHIO  RIVER  MOVABLE   DAMS 

Major  W.  H.  Heuer,  U.  S.  Engineer 

GENERAL  DESCRIPTION 

The  »te  of  Dam  No.  a  is  on  the  Ohio  River,  distant  from  Pittsburgh,  Pa., 
loj  miles,  and  adjacent  on  the  right  bank  to  the  Pittsburgli,  Ft.  Wayne  and 
Chicago  Railway.  It  has  Neville  Island  on  the  le(t  bank,  and  is  accessible  by 
street  cars  from  Pittsburgh. 

The  lock  is  to  be  located  on  the  left  bank  ai  the  Ohio  River,  immediately 
behind  Merriman's  dyke.  It  will  be  in  general  dimensions  the  same  as  locks 
Nos.  I  and  6,  viz.,  no  feet  wide  and  600  feet  long. 

SPECIAL  DESCRIPTIONS 

The  river  bed  at  No.  2  consists  of  gravel  throughout,  and  the  excavations 
will  be  made  to  a  depth  sufficient  to  insure  a  permanent  and  enduring  founda- 
tion, which  will  ordinarily  be  14  feet  below  the  gate  sill,  but  may  be  otherwise, 
as  the  engineer,  in  his  Judgment,  may  direct. 

The  work  will  conform  to  the  drawings  exhibited,  and  to  such  others,  in 
explanation  of  details  or  modifications  of  plans,  as  may  be  furnished  from  time 
to  time  during  construction. 

Contractor  10  Furnish  All  Material  and  Work. — It  is  understood 
and  agreed  that  the  contractor,  under  his  contract  prices  for  work  in  place,  is 
to  furnish  and  pay  for  all  materials,  stone,  cement,  sand,  earth,  timber,  material 
for  coffer-dam  and  protection  cribs,  excavation,  lock-filling  and  discharging 
valves  'set  in  masonry),  flushing  valves,  anchor  bolts,  lock-gate  tracks,  and 
everything  entering  into  or  connected  with  either  the  permanent  or  temporary 
construction,  and  he  b  also  to  supply  and  pay  for  all  work,  skilled  and  other- 
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wise,  required  to  prepare  and  place  the  materials,  and  complete  the  woric  accord- 
ing to  the  drawings  and  these  specifications. 

CoNTKACT  TO  INCLUDE. — The  Contract  will  cover  the  construction  and  com- 
pletion of  the  foundation,  masonry  and  timber  work  of  the  lock,  including  both 
land  and  river  walls,  the  gate-recess  walls,  the  foundations  of  the  lock-gate  tracks, 
the  guiding  walls  above  and  below  the  lock,  the  pipe  and  flushing  conduits,  the 
drift  chute,  the  foundations  for  the  power-house  and.  lock-keepers'  residence, 
and  every  such  other  permanent  construction  as  shall  be  shown  upon  the  draw- 
ings. It  shall  also  include  the  clearing  of  the  land  necessary  for  the  proper  execu- 
tion of  the  work  embraced  in  this  contract,  all  pumping  and  bailing,  dredging 
and  excavation,  puddling  and  embankment,  the  construction  of  all  coffer-dams, 
stone  masonry,  concrete  and  brick  masonry,  timber  work  and  iron  work,  and  all 
such  other  work  which,  in  the  judgment  of  the  Engineer,  is  necessary  and  includ»i 
in  the  proper  completion  of  the  contract. 

T00L.S,  Mackinehy,  Buildings,  etc. — The  contractor,  without  cost  to  the 
United  States,  shall  furnish  all  appliances,  dredges,  pumps  and  pumping  machin- 
ery, boats,  tools,  derricks,  tramways,  foot-walks,  roads  and  landings,  and  all 
needful  temporary  buildings  and  shops. 


COFFER-DAMS 

Sheetinc. — The  coffer-dam,  about  1500  feet  in  length,  shall  be  built  as 
shown  generally  by  the  drawings  exhibited,  and  as  directed  by  the  Engineer. 
It  shall  be  14  feet  high  above  the  sill  of  the  lock,  and  shall  consist  of  two  walls 
or  rows  of  plank  sheeting,  spaced  12  feet  apart  in  the  clear,  driven  or  set  firmly 
from  I  to  a  feet  into  the  river-bed,  and  supported  laterally  by  horizontal  longi- 
tudinal stringers,  the  latter  being  spaced  at  varying  intervals,  increasing  in  width 
from  the  bottom  to  the  top,  and  to  be  sufficiently  and  firmly  bolted  together 
transversely  with  iron  rods  passing  through  the  coffer-dam  horizontally  from 
the  rows  of  stringers  on  the  one  side  to  the  corresponding  rows  on  the  other, 
against  which  the  vertical  plank  sheeting  shall  be  securely  spiked. 

Filling  and  Decking, — The  interior,  or  space  between  the  walls  of  sheeting, 
shall  be  filled  with  heavy  dredged  river-bed  or  other  material  not  liable  to  wash, 
and  to  be  covered  over  with  a  suitable  decking  of  plank  (to  protect  it  from  injury 
in  case  of  bemg  submerged  by  floods),  all  complete  as  shown  on  the  drawings. 

Piling  and  Cribs  to  Protect.— At  the  upper  outer  comer  of  the  coffer- 
dam shall  be  placed  a  crib  built  of  framing  timber  and  filled  with  riprap  stone; 
from  the  upper  comer  of  the  crib,  at  an  angle  of  45°  with  the  axis  of  the  current, 
a  line  of  piling,  spaced  5  feet  apart,  firmly  boiled  together  with  waling-pieces, 
shall  be  driven  to  the  shore  to  form  a  protection  to  the  coffer-dam;  also  outside 
and  along  the  cofter-dam,  from  the  upper  outer  comer  to  the  lower  €x>mer, 
clusters  of  piles,  firmly  bound  or  bolted  together,  shall  be  driven  at  intervals  of 
about  80  feet.  The  tops  of  all  piling  shall  be  sawed  off  to  a  uniform  height  of  2 
feet  above  the  coffer-dam.  Protection  cribs  shall  be  placed  at  such  other  points 
along  the  coffer-dam  as  may  be  shown  upon  drawings. 

How  Paid  fob.— Bidders  will  slate  a  price  per  lineal  foot  of  coffer-dam  com- 
pleted. No  payment  will  be  made  for  any  portion  thereof  until  the  entire  coffer- 
dam is  conpleted.  Drawings  will  be  furnished,  showing  the  general  type  of  the 
coffer-Ham  and  its  manner  of  construction,  and  every  detail  necessary  for  intelU- 
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gent  bidding.  Should  any  work  on  the  outside  of  the  coffer  be  necessary,  such 
as  gravel  filling  or  riprapping.  it  shall  be  paid  for  at  the  price  bid  for  gravel  filling, 
riprapping,  etc.  If,  owing  to  the  nature  of  the  river  bed,  it  shall  be  found  impos- 
sible to  drive  the  plank  sheeting  to  the  required  depth,  then  the  contractor,  after 
driving  the  sheeting  as  deep  as  possible  without  injury,  and  in  lieu  of  driving 
it  to  its  fuU  depth,  shall  fill  around  the  outside  of  the  walls  with  the  same  material 
as  is  used  in  filling  the  coffer-dam,  to  the  height  of  4  feet  above  the  surface  of  the 
river-bed,  and  for  which  no  extra  compensation  will  be  allowed. 

Removal  op.— The  contractor  will  be  required  to  remove  the  coffer-dam  and 
its  belongings  at  his  own  cost.  The  time  and  manner  of  the  removal  of  the  coffer- 
dam, or  any  part  thereof,  and  the  place  to  deposit  the  materials  shall  be  pre- 
scribed by  the  Engineer. 

To  Belong  to  the  Untted  States. — It  is  understood  and  agreed  that  the 
payments  made  for  the  coffer-dam,  including  the  crib  and  pile  protection,  shall 
cover  the  entire  cost  thereof  to  the  United  States,  and  by  virtue  thereof  they  shall 
become  the  property  of  the  United  States.  The  contractor,  however,  must 
maintain  the  same  and  make  all  needed  repairs  to  same  during  the  existence 
of  the  contract,  without  expense  to  the  United  States. 

Deposit  wtthin  the  Coffer-dam. — Material  washed  or  left  in  the  space 
Inclosed  by  the  coffer-dam  by  freshets  shall  be  removed  by  the  contractor,  as 
directed,  at  his  price  for  common  excavation,  which  price  shall  cover  all  necessary 
cleaning  and  scrubbing.  No  payment  will  be  made,  however,  for  removing 
material  washed  into  the  inclosure  from  the  colfer-dam  itself  or  from  any  deposit 
made  by  the  contractor  on  or  above  the  works. 


MATERIAL  AND  WORKMANSHIP 

Tempokarv  PiLtNC  shall  include  all  piles  driven  for  the  protection  of  the 
coffet-dam  and  "  deadmen  "  for  derricks.  They  shall  be  of  good  quality,  round 
oak  timber,  not  less  than  12  inches  diameter  at  the  butt,  and  of  length  varying 
from  30  to  35  feet,  and  longer  if  necessary. 

Sheet  PiLtNC.— In  excavating  for  foundations,  should  quicksand  or  fine 
sand  carrying  water  be  encountered,  close  sheet-piling  will  be  required  to  be 
driven  to  whatever  extent  the  Engineer  may  direct. 

Sheeting. — The  sheeting  shall  include  the  walls  and  decking  of  the  cofTer- 
dam,  including  the  stringers;  also  such  shoring  as  may  be  directed  by  the  Engi- 
neer to  remain  in  the  finished  structure.  It  shall  consist  of  the  best  quality  of 
hemlock  obtainable,  and  must  be  in  all  cases  satisfactory  to  the  Engineer  in 
charge. 

Gravel  or  Earth  Filling. — Gravel  or  earth  filling  will  include  all  material 
used  in  filling  the  land-wall  inclosure,  back  of  the  guiding  walls,  etc.  It  does  not 
include  any  filling  in  the  construction  of  the  coffer-dam. 

Stone  Filling  shall  include  all  stone  placed  in  the  protection  cribs  or  any 
riprap  stone  ordered  for  the  protection  of  the  work. 

CsiBWOKK  shall  be  built  of  hemlock  framing  timber  framed  together  in 
square  bins  and  securely  bolted  together  by  iron  drift-bolts.  The  interior  of 
the  cribs  shall  be  filled  with  riprap  stone,  and  should  the  Engineer  deem  it  neces- 
sary such  riprap  stone  shall  be  placed  on  the  outside  of  the  crib.  The  whole  to 
be  built  as  shown  by  the  drawings. 
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Fbamxng  TiUBER. — For  all  temporary  cribworit,  also  the  permanent  crib 
at  the  head  of  the  upper  guiding  wall,  framing  timber  shall  be  used.  No  stick 
shall  be  less  than  lo"  X  lo"  in  section. 

"  Framing  timber  "  is  a  commercial  term  [or  a  class  of  timber  hewn  to  various 
dies. 


EXCAVATION 

To  iNCLime. — It  shall  include  the  removal  of  all  gravel  or  other  material 
to  the  depth  required  for  the  lock  and  its  upper  and  lower  entrances,  the  gate 
recesses,  I'oiree-dam  and  gate-track  foundations,  for  the  foundations  of  all  walls, 
and  for  all  conduits  or  wells,  and  all  such  other  material  as  may  be  found  necessary 
in  the  judgment  of  the  Engineer  to  be  removed  for  foundations  and  otherwise 
in  permanent  construction.  It  will  include  all  dredging  and  all  material  excavated 
of  whatever  nature,  however  removed,  for  foundations  and  for  site  of  coflcr-dam. 

Lines,  Slopes,  and  Grades  for. — All  excavations  shall  conform  to  such 
lines,  slopes,  and  grades  as  may  he  given  by  the  Eugmeer,  and  anything  taken 
out  beyond  such  given  limits  will  not  be  paid  for  by  the  United  States. 

Material  to  be  Deposited. — Excavated  material  is  to  be  deposited  as  and 
where  directed  by  the  Engineer.  It  shall  be  deposited  in  such  manner  as  not 
to  interfere  with  present  or  proposed  navigation.  Material  of  any  kind  deposited 
by  the  contractor  in  absence  of,  or  in  disregard  of,  instructions,  shall,  i(  required 
by  the  Engineer,  be  removed  by  the  contractor  at  his  own  cost. 

Shobinc. — All  excavation  for  foundation  shall  be  securely  shored  and  thus 
maintained  until  the  foundation  has  been  suHiciently  advanced  to  dispense  with 
the  same,  when  it  may  remain  or  be  removed  at  the  discretion  of  the  Engineer. 

Dredges  and  Pumps.— The  contractor  will  be  required  to  employ,  at  the 
same  lime,  not  less  than  two  suitable  steam  dredges  at  excavating  and  tilling^ 
and  for  pumping  he  must  keep  at  least  three  good  sufficient  pumping  outfits, 
with  pumps,  engines,  and  boats  complete,  in  or  always  ready  for  operation. 
The  dredges  must  be  equipped  to  do  eSective  work  to  a  depth  of  38  feet. 


FOUNDATIONS 

Changes  or  Modifications  of.— The  character  of  the  river-bed  and  of 
the  proposed  foundations  for  the  din'erent  parts  of  the  work  is  ^own  in  general 
on  the  drawings  and  cross-sections  exhibited,  and  it  is  understood  that  the  United 
States  shall  have  the  power  to  make  any  changes  in  the  plans  of  the  foundations 
that  may,  in  the  judgment  of  the  Engineer,  be  considered  advisable  after  exam- 
inations made,  as  the  excavations  proceed  within  the  cutTcr-dam  after  it  is 
pumped  out,  and  it  is  understood  and  agreed  that  the  contractor  shall  have 
or  make  no  claim  against  the  United  States  on  account  of  any  such  changes  in 
or  modifications  of  the  plans  of  the  foundations,  or  on  account  of  any  increase 
or  decrease  in  the  depth  of  same,  under  or  over  those  referred  to  herein  or  shown 
on  the  drawings  exhibited 
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Ceuent. — Cement  will  be  of  uniform  quality,  setting  well  both  in  air  and 
water,  and  free  from  anything  that  will  cause  the  mortar  to  swell,  crack,  or  scale. 
It  shall  he  put  up  in  strong,  sound  barrels,  well  lined  with  paper  so  as  to  be 
reasonably  protected  from  air  and  moisture.  The  average  net  weight  of  the 
barrels  shall  be  not  less  than  265  pounds,  unless  expressly  so  stated  in  the  pro- 
posal. Eadi  barrel  must  be  labeled  with  the  name  of  the  brand  and  of  the 
manufacturer. 

In  genera],  tert  barrels  of  every  one  hundred  will  be  tested. 

The  cement  must  stand  the  following  tests:  Fineness — At  least  85  per  cent 
must  pass  a  sieve  of  6400  meshes  to  the  inch.  Set  ting— Cement  must  be  mode- 
erately  slow  setting;  it  must  not  begin  to  set  within  fifteen  minutes,  as  determined 
by  Vicat  needle  A  inch  in  diameter  with  \  pound  load,  and  it  shall  not  bear 
weight  of  one  pound  on  wire  ^  inch  in  diameter  within  thirty  minutes,  but 
must  bear  such  weight  within  one  hour  and  a  half.  Strength — The  minimum 
tensile  strength  per  square  inch  of  briquettes  of  neat  cement  mixed  with  about 
33  per  cent  of  water  by  weight,  and  exposed  in  air  for  one  hour,  and  the  remainder 
of  14  hours  in  water,  shall  be  not  less  than  50  pounds;  with  longer  time,  whether 
in  air  or  water,  there  must  be  a  decided  increase  of  strength;  it  must  also  test 
to  the  satisfaction  of  the  Engineer  when  mixed  with  sand.  The  tests  for  setting 
will  be  made  at  a  temperature  of  air  and  water  of  about  75°  Fahrenheit.  All 
other  tests  will  be  made  at  a  temperature  above  60°  Fahrenheit.  The  cement 
will  be  subject  to  inspection  at  all  times,  and  must  be  kept  well  housed. 

Sand. — The  sand  used  must  be  clean;  sharp,  washed,  river  sand,  satisfactory 
to  the  Engineer. 

Mortar. — To  be  composed  generally  of  two  parts  of  sand  to  one  of  cement; 
when  required,  and  whenever  thought  necessary  by  the  Engineer,  it  shall  be 
made  richer.  It  must  be  thoroughly  mixed  and  used  before  it  has  begun'to  set. 
If  required  by  the  Engineer,  the  mortar  beds  wi^  be  protected  from  the  sun. 

PoiNTiNC. — All  face  work  is  to  be  pointed,  as  fast  as  the  work  progresses, 
with  slifl  mortar,  mixed  one  of  sand  to  one  of  Portland  cement,  thoroughly  ham- 
mered in  and  finished  with  proper  tools;  before  the  final  acceptance  of  the  woik 
all  face  masonry  which  at  that  time  does  not  appear  properly  pointed  shall  be 
repointed  by  the  contractor  to  the  satisfaction  of  the  Engineer,  without  extra 

FaosT. — Masonry  wiiJ  not  be  executed  during  freezing  weather,  nor  when, 
in  the  judgment  of  the  Engineer  or  his  agent,  it  is  likely  to  freeze  before  the  mortar 
shall  set.  To  guard  against  injury  from  frost,  all  new  and  unfinished  work  shall 
be  properly  protected  by  the  contractor  at  his  own  cost. 

Voids  and  Openings. — Due  regard  shall  be  had  in  the  construction  of  all 
masonry  walls  to  leave  all  necessary  voids  or  openings  for  conduits  or  wells, 
or  for  such  other  puiposes  as  may  be  required  by  the  Engineer. 

Ashlar. — It  ^all  comprise  such  part  of  the  walls  as  is  built  of  stone,  with 
point-dressed  face,  and  beds,  and  joints  smoothly  and  squarely  dressed. 

Quality  of  Stone, — AH  slone  shall  be  perfectly  sound,  strong,  hard,  free 
from  injurious  seams,  and  in  all  respects  satisfactory  to  the  Engineer.  Slone 
to  be  such  as  can  he  truly  wrought  to  such  lines  and  surfaces,  whether  curved 
or  plain,  as  may  be  required.  No  stone  shall  be  used  which  weighs  less  than 
13s  pounds  to  the  cubic  foot. 
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Samples  or  Stones.  Each  bidder  must  deposit  at  this  offics,  aU  charges 
prepaid,  t>efore  the  bids  are  opened,  a  6-inch  cubical  block  of  the  stone  he 
proposes  to  furnish,  and  state  the  quarry  from  which  it  was  obtained.  The 
quality  of  the  stone  must  be  at  least  equal  to  that  of  the  sample.  The  sample 
must  be  truly  squared,  and  dressed  on  four  sides;  one  side  must  be  hammer- 
dressed,  one  side  smooth-dressed  and  rubbed,  and  one  side  pitch-dressed.  The 
other  side  is   to  be  left  with  quarry  face. 

Stone  May  be  Rejected,— TTie  United  Stated  reserves  the  right  to  reject 
any  stone  not  deemed  suitable,  or  which,  during  the  execution  of  the  contract, 
shall  be  found  defective.  The  beds  of  the  stone  must  be  their  natural  quaiiy 
beds.  No  lewis  or  dog  holes,  letters,  or  marks  of  any  kind  will  be  allowed  on 
any  dressed  face  of  stone,  but  each  face  shall  have  left  on  it  a  boss  for  lifting, 
to  be  removed  by  the  contractor  after  the  stone  has  been  set. 

Dressing  ot  Stone. — Stone  must  be  accurately  cut,  square,  and  true,  and 
the  faces  must  be  pitch-draughted  and  p)oint -dressed  to  a  plane  with  the  draught, 
forming  an  approximately  smooth  surface.  The  beds  must  be  smoothly  and 
squarely  dressed,  full  length  and  width.  The  vertical  joints  must  be  dressed 
to  a  d^th  of  not  less  than  18  inches  from  the  face,  and  the  allowance  for  joints 
must  not  exceed  |  inch.  One-third  of  the  stone  in  each  course  must  be  headers. 
All  stones  not  accurately  dressed  will  be  rejected.  All  dressed  stone  must  have 
the  dimensions  plainly  marked  on  one  end. 

DmENSiONS.—The  cut-stone  stretches  must  be  not  less  than  3  feet  nor  more 
than  5  feet  long,  and  their  width  must  not  be  less  than  i)  times  the  height  of 
the  course  to  which  they  belong.  The  width  of  the  headers  must  be  not  less 
than  t\  times  their  height,  and  their  length  must  be  at  least  double  their  breadth, 
unless  otherwise  ordered.  The  thickness  of  course  includes  the  joint,  which 
will  be  I  inch. 

LAYING  Stone  Masonry. — The  faces  of  the  wall  shall  be  accurately  laid 
to  the  lines  indicated  on  the  drawings,  or  as  directed  by  the  Engineer.  All  stones 
to  be  well  laid  to  proper  lines,  in  full  beds  of  mortar,  and  settled  in  place  with  a 
wooden  maul;  the  use  of  grout  is  prohibited.  No  dressing,  except  in  f^^ecial 
cases,  and  by  permission  of  the  Engineer,  will  be  allowed  on  backing  after  it  is 
laid  in  the  wall.  The  bond  of  stone  shall  in  no  case  be  less  than  g  inches.  The 
walls  will  be  laid  in  horizontal  courses  throughout,  each  course  to  be  of  uniform 
'  height  through  the  wall.  Heights  and  arrangements  of  courses  to  be  deter- 
mined by  the  Engineer.  When  laying  masonry  the  site  for  the  stone  shall  be 
thoroughly  cleaned  with  a  scrub-broom  and  moistened;  and  the  stone  shall 
always  be  cleaned  and  we!!  moistened  before  being  set.  Not  more  than  three 
unfinished  courses  of  face  stone  will  be  permitted  upon  the  wall  at  the  same  time 
without  special  permission  from  the  Engineer  in  each  case.  Proper  machinery 
must  be  used  in  handling  the  stone;  face  stone  shall  not  be  disfigured  by  use 
of  plug  or  grabs.  Any  stone  chipped  or  spalled  shall  be  rejected.  Stones  having 
defects  concealed  by  cement  or  otherwise  will  be  rejected  on  that  account  alone. 

Coping. — The  coping  will  be  of  the  same  class  and  quality  of  stone  described 
in  ashlar  masonry.  It  will  be  carefully  and  truly  cut  to  forms  and  dimenaons 
given,  from  the  best  stone;  it  will  be  crandailed  on  all  outer  faces;  the  exposed 
edges  of  the  coping  to  be  rounded  to  a  radius  of  3  inches  and  chiseled  smooth 
where  required.  Beds  and  vertical  joints  to  he  pointed  true  and  full  throughout 
and  be  laid  with  |-inch  joints. 

The  coping  is  to  be  doweled  as  required  by  the  Engineer  with  round  iron. 
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the  dowels  to  be  furnished  and  placed  by  the  contractor.  The  drilling  for  and 
placing  of  the  dowels  will  be  covered  by  die  price  for  "  Bolt  Holes  in  Masonry," 
The  dowels  will  be  set  iu  Portland  cement. 


RUBBLE  STONE 

Quality  and  Duiensions  of.— Rubble  stone  must  be  sound,  bard,  and 
durable,  free  from  seams,  scale,  earthy  matter,  and  other  defects.  Rubble  stone 
shall  in  general  be  not  less  than  J  of  a  cubic  foot  in  size.  It  must  be  in  fair  shape 
for  laying  in  the  face  of  the  wails-without  dressing.     No  spalls  will  be  allowed. 

Laying. — The  stone  must  be  laid  on  their  natural  bed  in  full  beds  of  hydraulic 
cement  mortar,  with  all  joints  and  voids  well  filled  with  mortar.  Leveling  up 
under  stones  with  small  chips  or  spalls  will  not  be  allowed. 

The  stone  shall  be  carefully  selected  for  the  outer  face  so  as  to  have  vertical 
joints  and  present  a  good  face  of  broken  rough  masonry. 


CONCRETE 

CouposmoN  OP. — Concrete  shall  be  composed  of  satisfactory  cement  and 
river  gravel;  the  latter,  should  it  be  of  an  approved  quality,  shall  be  taken  from 
the  various  excavations  of  the  lock  and  its  walls.  This  gravel  generally  has  a 
sufficient  volume  of  sand  to  fill  all  voids;  should  there  be  a  deficiency  of  sand 
In  any  portion  of  the  gravel  the  contractor  will  be  required  to  supply  said  defi- 
ciency by  good,  sharp,  washed,  river  sand.  The  quantity  of  cement  to  be  used 
will  generally  be  about  lo  per  cent  greater  than  the  volume  of  voids  in  sand  and 
gravel. 

Mixing  and  Placing  of. — ^The  concrete  is  to  be  well  and  rapidly  miied 
by  machinery,  as  may  be  required  by  the  Engineer,  unless  otherwise  specified. 
It  will  be  deposited  in  layers  not  more  than  8  inches  thick;  wherever  and  when- 
ever required,  the  layers  will  be  thinner  than  8  inches,  and  all  thoroughly  rammed 
by  such  process  as  the  Engineer  may  approve. 

River  WALL.^In  the  river  wail  of  the  lock  the  concrete  shall  be  laid  in 
courses  of  a  thickness  corresponding  to  the  adjoining  courses  of  ashlar  masonry. 
It  shall  be  filled  in  flush  with  the  top  of  each  course  before  the  next  course  of 
ashlar  above  shall  be  laid. 

Before  putting  in  the  concrete  of  any  course  the  bed  and  adjoining  course 
of  ashlar  shall  be  thoroughly  wetted  so  that  no  dry  surface  may  come  in  con- 
tact with  the  (resh  concrete,  destroying  its  power  of  adhesion  by  absorbing  its 
moisture. 

In  order  that  the  work  once  began  may  progress  without  delay  all  cut  stone 
needed  for  the  ashlar  facing  shall  be  on  the  ground  when  the  concrete  foundation 
has  been  completed. 


TIMBER  IN  PERMANENT  CONSTRUCTION 

To  Consist  of  all  timber  used  in  the  timber  facmg  of  the  lock  walls  and 
the  guide  walls;   all  timber  cribbing  in  the  gate-track  and  Poiree-dam  founda- 
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tions;  the  oak  sheeting  at  the  head  of  the  guide  walls;  and  such  other  timber 
in  pennanent  construction  as  shall  be  shown  upon  the  drawings. 

General  Quality  and  Dimensions. — All  timber  must  be  first  class,  and 
any  of  inferior  quality  will  b^  rejected.  Sap-wood  in  any  stick  will  cause  its 
rejection.  The  timber  must  be  free  froin  black  or  rotten  knots,  wane  edges, 
wind-shakes,  dose,  or  other  imperfections.  Firm,  sound  knots,  if  not  too  numer- 
ous, will  not  be  considered  defects.  Timber  must  be  full  size,  true  and  out  of 
wind,  and  when  required  must  be  sawed  large  enough  to  dress  down  to  required 
dimensions.  The  timber  will  be  inspected  on  arrival  at  the  work,  and  if  found 
to  be  defective  will  l>e  rejected. 

Oak, — Oak  timber  must  be  taken  from  the  best  quality  live  white  oak  sawed 
timber. 

White  Pine, — Shall  conast  of  the  best  quality  of  clear  white  pine  obtainable. 

Heulock. — Shall  be  the  best  quality  of  hemlock  obtainable. 

Framing,  Assembunc,  and  Painting. — AH  timber  must  be  accurately 
framed,  fitted,  and  assembled,  according  to  detailed  drawings  and  directions. 
As  the  timber  is  framed  it  shall  be  painted  about  the  ends  and  elsewhere  as  may 
be  required  to  prevent  checting.  The  paints  for  this  will  be  furnished  and  applied 
by  the  contractor,  and  covered  in  his  price  for  "  Timber  in  Permanent  Con- 
struction," 

Timber  Facing,  Uprights,  and  Sheeting  shall  be  constructed  of  oak,  and 
shall  conast  of  uprights  spaced  at  intervals  of  6  feet,  center  to  center,  anchored 
to  the  concrete  masonry  by  tee-head  screw-bolts  as  shown  on  drawings.  To 
the  uprights  shall  be  bolted,  with  wrought-iron  screw-bolts,  oak  sheeting  6  inches 
thick. 

Nosing  Timber  shall  extend  along  the  top  of  the  guide  wall,  forming  a  cap 
to  the  uprights  and  securely  bolted  to  them,  as  shown  on  the  drawings.  Tbe 
top  surface  of  the  nosing  shall  be  flush  with  the  lop  of  the  concrete  masonry  wall. 

Oak  Sheeting.— Thb  refers  to  the  sheeting  on  the  upper  faces  of  the  pro- 
tection crib  for  the  upper  guiding  wall  at  the  upper  end  thereof.  It  shall  be 
spiked  on  and  firmly  held  in  place  with  iron  bands  or  straps  bolted  to  the  fram- 
ing timbers  of  the  crib,  if,  in  the  judgment  of  the  Engineer,  this  may  be  deemed 


SUPERVISION  AND  MEASUREMENT  OF  WORK 

Inspection,  Rejected  Material,  etc. — The  works  will  be  conducted  under 
the  direction  of  the  local  or  resident  Engineer,  who  shall  have  power  to  pre- 
scribe the  order  and  manner  of  executing  the  same  in  all  its  parts;  of  inspecting 
and  rejecting  materials,  work,  and  workmanship  which,  in  his  judgment,  do 
not  conform  to  the  drawings  that  may  be  furnished  from  time  to  time,  or  to  these 
specifications.  And  any  material,  work,  or  workmanship  so  rejected  by  him 
shall  be  kept  out  of  or  removed  from  the  finished  work,  and  no  estimate  or  pay- 
ment shall  be  made  until  such  material,  work,  or  workmanship  be  so  removed. 

When  so  required  rejected  material  shall  be  piled  up  in  sight  near  the  works 
and  kept  there  until  the  Engineer  gives  permission  to  have  it  removed. 

The  United  Stales  will  keep  inspectors  on  the  work  who  will  receive  instruc- 
tions from  the  resident  Engineer,  They  will  have  power  to  object  to  any  mate- 
riab,  work,  or  workmanship.    Any  material,  work,  or  workmanship  objected 
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to  by  the  inspectors  shall  be  kept  out  of  or  removed  from  the  finished  work, 
unless  in  each  particular  case  the  objections  of  the  inspector  shall  be  overruled 
by  ihe  local  or  resident  Engineer;  and,  unless  thu  objuciion  be  so  overruled, 
no  estimate  or  payment  shall  be  made  until  such  materia!,  work,  or  workman- 
ship be  so  removed. 

The  local  or  resident  Engineer  shall  have  power  to  overrule  or  rescind  any 
or  all  objections  or  decisions  of  the  inspector. 

The  decision  of  the  United  States  Engineer  Officer  in  charge  of  the  works 
shall  be  final  and  conclusive  upon  all  mailers  relating  to  the  work  and  upon 
all  questions  arising  out  of  these  specifications,  and  from  his  decision  there  shall 
be  no  appeal. 

Failure  to  Prosecute  or  Protect  Works. — If  at  any  time  the  contractor 
shall  refuse  or  fait  to  prosecute  the  work  or  provide  for  carrying  on  the  same 
as  directed  by  the  Engineer,  or  fail  to  properly  protect  any  part  of  the  work, 
permanent  or  temporary,  the  Engineer  shall  have  power  to  employ  men,  to 
purchase  or  otherwise  provide  materiab,  tools,  machinery,  etc.,  and  put  the 
work  in  proper  advancement  or  condition,  and  the  entire  cost  of  so  doing  shall 
be  deducted  from  payments  to  be  made  under  this  contract. 

Complete  Work  Required.— The  contractor  is  not  to  take  advantage 
of  any  omissions  of  details  in  drawings  or  specifications,  or  errors  in  either, 
but  he  will  be  required  to  do'  everything  which  may  be  necessary  to  carry  out 
the  contract  in  good  faith,  which  contemplates  everything  complete,  in  good 
working  order,  of  good  material,  with  accurate  workmanship,  skillfully  fitted 
and  properly  connected  and  put  together.  Any  point  not  clearly  understood 
is  to  be  referred  to  the  Engineer  for  decision. 

Changes. — Should  any  changes  in  the  details  of  the  shape,  arrangement, 
or  fitting  of  the  parts  be  deemed  necessary  or  advisable  in  the  progress  of  the 
work,  they  must  be  made  by  the  contractor,  and  a  fair  allowance  will  be  paid 
for  any  changes  which,  in  the  judgment  of  the  Engineer  in  charge,  materially 
increase  the  cost  of  the  work. 

Measurement. — Measurement  of  all  work  and  material  shall  be  made  in 
place,  unless  otherwise  specified. 

C OFFER-DAM .^The  price  per  lineal  foot  of  coffer-dam  shall  include  all  mate- 
rial, lumber,  iron,  and  gravel  entering  into  its  construction.  A  profile  of  the 
location  will  be  furnished,  showing  a  section  of  the  river-bed  over  which  the 
coffer-dam  is  located,  so  that  the  contractor  may  estimate  the  amount  of  each 
kind  of  material  required. 

PiUNG.— Temporary  piling  shall  be  measured  in  lineal  feet,  and  measure- 
ment shall  be  allowed  for  total  length  of  piling  used. 

Sheeting. — This  will  include  all  lumber  used  for  temporary  purposes,  in 
shoring  of  excavations,  or  for  forms  necessary  to  sustain  any  concrete  masonry 
until  it  has  become  sufficiently  hardened.  Sheeting  required  by  the  Engineer 
to  remain  in  the  finished  structure  shall  be  paid  for  at  the  contractor's  price  per 
thousand  feet  B.M.  All  temporary  sheeting  not  remaining  in  the  finished  struc- 
ture shall  be  included  in  the  contractor's  unit  price  for  material  in  place,  and  no 
estimate  will  be  made  thereof  by  the  Engineer.  Coffer-dam  sheeting  will  be 
included  in  the  contractor's  price  per  lineal  foot  of  coffer-dam. 

FiLLDJC— Gravel  filling  will  be  measured  in  the  fill,  and  will  not  include 
any  filling  placed  in  the  coffer-dam  as  coffer-dam  tilling. 

Stone  filling  shall  include  all  riprap  work,  either  temporary  or  permanent. 
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Excavation. — Excavation  will  be  measured  in  excavation  by  cross-sections. 

Masonry. — All  masonry,  ashlar,  rubble,  brick,  concrete,  etc.,  will  be  measured 
by  the  cubic  yard  in  place.  Prices  for  masonry  will  include  all  required  pointing. 
No  payment  will  be  allowed  (or  voids  or  openings. 

Bolt  Holes.— ^i  holes  drilled  in  rock  or  concrete  or  other  masonry  will  be 
measured  by  the  running  foot  as  drilled. 

TucBER  IN  Permanent  Constritction. — Timber  in  permanent  construc- 
tion will  include  all  timber  used  in  any  part  of  the  permanent  construction; 
unless  otherwise  particularly  specified,  it  will  be  classed  under  the  following 
heads: 

Oak  in  Permanent  Construction. 

Pine  in  Permanent  Construction. 

Hemlock  in  Permanent  Construction. 
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EXTRACTS  FROM   TOPEKA  (KANSAS)  MELAN  ARCH  BRIDGE 
SPECIFICATIONS 

By  permission  of  Edwin  Thacheb,  M.  Am.  Soc.  C.  £. 

PILING  IN  PERMANENT  WORK 

Piling  and  lumber  for  coffer-dams  to  be  sound  white  oak,  yellow  pine,  or 
other  woods  equally  good  for  the  purpose,  the  quality  to  be  acceptable  to  the 
superintendent.  The  pile»  shall  be  straight -grained,  trimmed  close,  and  have 
all  bark  taken  oS,  and  shall  be  at  least  lo  inches  in  diameter  at  the  small  end 
and  14  ioches  in  diameter  at  the  butt  when  sawed  off.  The  heads  shall  be  cut 
off  squarely  at  right  angles  to  the  axis  of  the  pile,  and  all  piles  shall  be  fitted 
to  and  driven  with  a  cast-iron  head.  The  piles  shall  be  driven  with  a  hammer 
weighing  not  less  than  two  thousand  two  hundred  and  fifty  (2250)  pounds,  and 
until  they  do  not  move  more  than  three-eighths  (|)  of  an  inch  under  a  blow  of 
the  hammer  falling  twenty-five  (25]  feet.  No  pile  shall  be  driven  less  than 
twenty-six  (36)  feet  below  low  water,  and  if  necessary  to  attain  this  minimum 
depth  jets  shall  be  used  in  addition  to  hammer.  The  number  and  arrangement 
of  the  piles  for  each  foundation  are  shown  on  the  plans,  and  must  be  carefully 
carried  out  by  the  contractor.  The  piles  shall  be  cut  off  at  an  elevation  of  about 
six  (6)  inches  below  low  water.  A  slight  variation  will  be  allowed,  but  no  piles 
must  be  cut  off  at  a  higher  elevation.  Inspection  of  piling  and  lumber,  except 
at  bridge  site,  shall  be  at  contractor's  expense. 

COFFER-DAMS 

After  the  bearing  piles  have  been  driven,  a  permanent  coffer-dam,  of  the 
dimensions  marked  on  the  plans,  of  Wakefield  (or  other  equally  satisfactory) 
sheet-piling,  shall  be  used  around  each  foundation.  The  earth  inside  thereof 
shall  be  excavated  to  the  depth  shown  on  plans  and  replaced  with  concrete  as 
hereinafter  ^wcified.  During  the  placing  of  the  concrete  the  water  shall  be 
kept  out  of  the  coffer-dams,  unless  the  bottom  is  so  porous  that  it  is  imprac- 
ticable in  the  opinion  of  the  superintendent  to  do  so — in  which  case  some  of  the 
concrete  may  be  placed  in  position  by  means  of  chutes,  under  the  direction  of 
the  superintendent,  until  the  bottom  is  well  calked,  after  which  the  water  shall 
be  pumped  out  and  the  remaining  concrete  placed  in  position.  The  contractor 
wiU  be  required  to  make  the  sides  and  ends  of  the  coffer-dams  watertight,  and 
no  leak  through  them  will  be  considered  sufficient  cause  to  require  any  concrete 
to  be  placed  by  means  of  chutes. 
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CENTERING 


The  contractor  shall  build  an  unyielding  falsework,  or  centering,  of  the  form 
and  dimensions  shown  on  the  plans;  particular  care  must  be  taken  to  drive  the 
piles  supporting  it  to  a  solid  bearing.  The  estimated  load  upon  each  of  these 
piles  is  twenty  (20)  tons.  The  contactor  must,  however,  satisfy  himself  as  to 
the  load  each  pile  will  have  to  bear,  and  as  to  its  supporting  power.  Id  case  of 
any  settlement  the  contractor  shall  take  down  and  rebuild  the  centering  and 
arch.  The  tagging  shall  be  dressed  on  both  edges  to  a  unifonn  size,  so  that  when 
laid  it  will  present  a  smooth  surface,  and  this  surface  shall  be  built  at  the  proper 
elevation  to  allow  for  settlement  of  arch,  so  that  when  the  centering  is  struck 
the  arch-ring  will  come  to  the  elevations  shown  on  plans. 

The  top  surface  of  the  lagging  shall  be  covered  with  W.  Field's  Building 
Paper  of  medium  weight,  known  as  Double  Saturated  Water-proof  Oiled  Sheath- 
ing  Paper  (or  other  equally  good)  to  prevent  the  concrete  from  adhering  thereto. 
No  center  shall  be  struck  until  at  least  twenty-eight  (28)  days  after  the  com- 
pletion of  the  arch.  Great  care  shall  be  used  in  lowering  the  centers  so  as  not 
to  throw  undue  strains  upon  the  arches,  nor  shall  any  center  be  struck  before  the 
adjoining  arch  has  been  completed  for  a  sufficiently  long  time,  in  the  opinion 
of  the  superintendent,  to  be  uninjured  thereby. 

Note.— For  the  above  reasons  it  is  probable  that  the  five  centera  will  be  in 
use  at  the  same  time. 


PORTLAND  CEMENT 

Tbt  Portland  cement  shall  be  a  true  Portland  cement,  made  by  calcining 
a  proper  mixture  of  calcareous  and  clayey  earths;  and  ihe  contractor  shall  furnish 
one  or  more  certified  statements  of  the  chemical  composition  of  the  cement  and 
of  the  raw  materials  from  which  it  is  manufactured.  Only  one  brand  of  Portland 
cement  shall  be  used  on  ihc  work,  except  with  permission  of  the  superintendent, 
and  it  shall  in  no  case  contain  more  than  two  (2)  per  cent  of  magnesia  in  any 
form. 

The  fineness  of  the  cement  shall  be  such  that  at  least  98  per  cent  shall  pass 
through  a  standard  brass  cloth  sieve  of  7+  meshes  per  linear  inch,  and  at  least 
05  per  cent  shall  pass  through  a  sieve  of  100  meshes  per  linear  inch. 

Samples  for  testing  may  be  taken  from  each  and  every  barrel  delivered,  as 
superintendent  may  direct.  Tensile  tests  will  be  made  on  specimens  prepared 
and  maintained,  until  tested,  at  a  temperature  of  not  less  than  60°  Fahrenheit. 
Each  specimen  shall  have  an  area  of  one  square  inch  at  the  breaking  section, 
and  after  being  allowed  to  harden  in  moist  air  for  twenty-four  hours  shall  be 
immersed  and  retained  under  water  until  tested. 

The  sand  used  in  preparing  the  test  ^Kcimens  shall  be  clean,  sharp,  crushed 
quartz,  retained  on  a  sieve  of  30  meshes  per  linear  inch  and  passed  through  a 
seive  of  20  meshes  per  linear  inch,  and  shall  be  furnished  by  contractor. 

No  more  than  23  to  27  per  cent  of  water  by  weight  shall  be  used  in  preparing 
the  test  specimens  of  neat  cement,  and  in  making  the  lest  specimens  one  of 
cement  to  three  of  sand,  no  more  than  ir  or  12  per  cent  of  water  by  weight  shall 
be  used. 
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Specimens  prepared  from  neat  cement  shall  after  seven  days  develop  a  tensile 
strength  not  less  than  400  praunds  per  square  inch.  Sptcimens  prepared  from  a 
mixture  of  one  part  cement  and  three  parts  sand  (parts  by  weight)  shall  after 
seven  days  develop  a  tensile  strength  of  not  less  than  140  pounds  per  square 
inch,  and  after  twenty-eight  days  nol  less  than  200  pounds  per  square  inch.  Speci- 
mens prepared  from  a  mixture  of  one  part  cement  and  three  parts  sand  (parts 
by  weight)  and  immersed,  after  twenty-four  hours,  in  water  to  be  maintained 
at  176°  Fahrenheit,  shall  not  swell  nor  crack,  and  shall  after  seven  days  develop 
a' tensile  strength  of  not  less  than  140  pounds  per  square  inch. 

Cement  mixed  neat  with  about  27  per  cent,  of  water,  to  form  a  stiff  paste, 
shall,  after  30  minutes,  be  appreciably  indented  by  the  end  of  a  wire  one-twelfth 
inch  in  diameter,  loaded  to  weigh  one-quarter  pound. 

Cement  made  into  thin  cakes  on  glass  plates  shall  not  crack,  scale,  or  warp 
under  the  following  treatment.  Three  pats  shall  be  made  and  allowed  to  harden 
in  moist  air  at  from  60°  to  70°  Fahrenheit;  one  of  these  shall  be  subjected  to 
water-vapor  at  176°  Fahrenheit  for  three  hours,  after  which  it  shall  be  immersed 
in  hot  water  for  forty-eight  hours;  another  shall  be  placed  in  water  at  from 
60°  to  70°  Fahrenheit,  and  the  third  shall  be  left  in  moist  air. 

Samples  of  one-to-two  mortar  and  of  concrete  shall  be  made  and  tested  from 
time  to  time  as  directed  by  the  superintendent.  All  cement  shall  be  housed 
and  kept  dry  till  wanted  in  the  work. 

Storage  rooms  and  rooms  and  apparatus  for  the  tests  shall  be  furnished  by  the 
contractor,  and  all  tests  shall  be  made  entirely  at  his  expense,  and  under  the 
direction  and  to  the  satisfaction  of  the  superintendent. 


PORTLAND  CEMENT  CONCRETE 

The  concrete  shall  be  composed  of  clean,  hard,  broken  limestone  (or  gravel 
with  irregular  surfaces)  and  cement  mortar  in  volumes  as  hereinafter  described. 
The  sand  shall  be  clean,  sharp,  Kansas  River  sand,  washed  entirely  free  from 
earth  and  loam.  If  obtainable,  a  mixture  of  coarse  and  fine  sand  shall  be  used. 
Approved  mixing  machines  shall  be  used.  These  machines  must  be  kept  clean 
and  no  accumulations  of  old  mortar  shall  be  allowed  to  form-  in  them.  The 
ingredients  shall  be  placed  in  the  machine  in  a  dry  state  and  in  the  volumes  speci- 
fied and  be  throughly  mixed,  after  which  dean  water  shall  be  added  and  the 
mixing  continued  until  the  wet  mixture  is  thorough  and  the  mass  uniform. 
No  more  water  shall  be  used  than  the  concrete  will  bear  without  quaking  in  ram- 
ming. The  mixing  must  be  done  as  rapidly  as  possible,  and  the  batch  deposited 
in  the  work  without  delay,  and  before  the  cement  begins  to  set.  Stone  must  be 
entirely  free  from  earth  and  earthy  surfaces.  Thin  splints  or  leaves  of  stone, 
easily  broken  with  fingers,  will  not  be  allowed  to  go  into  the  work.  The  quality 
of  stone  and  the  crushing  must  be  acceptable  to  the  superintendent. 

The  grades  of  concrete  to  be  used  are  as  follows  {parts  by  volume) : 

For  the  arches:  One  part  Portland  cement,  two  parts  sand,  and  four  parts 
broken  stone  (hazelnut  size,  from  one-half  inch  to  one  inch),  except  for  the  exposed 
faces  and  soffits  of  the  arches,  which  shall  have  at  least  one  inch  in  thickness 
of  mortar  composed  of  one  part  Portland  cement  and  two  ports  sand. 

For  the  piers,  abutments,  spandrel  and  wing-walls;  On  the  exposed  surfacer 
for  at  least  one  inch  thick,  one  part  Portland  cement  and  two  parts  sand;  for 
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the  next  seven  (7)  inches,  one  part  Portland  cement,  two  parts  sand,  and  four 
parts  broken  stone  of  hazelnut  size.  For  the  remaining  portions:  One  part  Port- 
land cement,  four  pans  sand,  and  eight  parts  broken  stone  of  size  to  pass  through 
a  3-inch  ring,  except  such  portions  of  the  interior  of  the  piers  and  abutments 
as  are  above  the  top  of  the  cornice,  or  elevation  15.75  feet  above  low  water,  which 
shall  be  composed  of  one  part  Portland  cement,  three  parts  sand,  and  six  pans 
broken  stone  which  will  pass  through  a  3)-ioch  ring. 

No  plastering  of  surfaces  will  be  allowed  nor  any  practice  that  will  develop 
planes  or  surfaces  of  demarcation  other  than  those  hereinafter  described.  Imme- 
diately after  the  removal  of  any  forms  or  centers,  sand  and  cement  shall  be  sifted 
on  the  surfaces  and  the  surfaces  rubbed  hard  with  a  float  as  may  be  directed  by 
the  superintendent. 

During  warm  and  dry  weather  and  whenever  the  superintendent  shall  direct, 
all  newly  btiilt  concrete  shall  be  kept  well  shaded  from  the  sun  and  well  sprinkled 
with  water  at  the  surface  for  several  days  or  until  well  set. 

There  must  be  no  definite  plane  or  surface  of  demarcation  between  the  facing 
and  the  concrete  backing.  The  facing  and  the  backing  must  be  deported  in 
the  same  layer  and  well  rammed  in  place  at  the  same  time. 

In  connecting  old  concrete  with  new,  in  the  planes  hereafter  described,  the 
old  concrete  shall  be  cleaned  and  roughened  and  soaked  with  water,  and  at  the 
points  of  contact  a  mortar  composed  of  one  part  cement  and  two  parts  sand  shall 
be  used  and  shall  be  laid  in  the  same  manner  as  specified  for  laying  the  facing. 


NATURAL  CEMENT  CONCRETE 

The  concrete  around  piles,  to  take  the  place  of  the  earth  excavated  from  the 
coffer-dams,  shall  be  composed  of  one  part  natural  cement,  equal  to  the  best 
Fort  Scott;  Kas.,  cement,  three  parts  sand,  and  six  parts  of  broken  stone  of  the 
^ze  to  pass  through  a  3-inch  ring.  This  concrete  may  he  mixed  by  hand  on  plat- 
forms adjoining  the  foundations  and  shoveled  directly  into  the  coffer-dams, 
care  being  taken  to  deposit  it  in  uniform  layers  of  about  6  inches  each  and  to 
carefully  ram  each  layer. 


PIERS,  ABUTMENTS,  AND  SPANDRELS 

All  piers,  abutments,  spandrels,  and  wing-walls  shall  be  built  in  timber  forms. 
These  forms  ^all  be  substantial  and  unyielding,  of  proper  dimensions  for  the 
work  intended  and  closely  jointed,  and  ail  surfaces  that  come  in  contact  with  the 
concrete  shall  be  smoothly  dressed  and  well  oiled  with  linseed  oil  to  prevent 
the  concrete  from  adhering  to  them.  That  portion  next  to  the  exposed  faces  of 
the  work  need  not  be  oiled,  but  shall  be  covered  with  oiled  paper,  the  same  as 
that  specified  for  the  centers. 

Molds,  to  form  molding  and  panels,  smoothly  finished  and  well  oiled  with 
linseed  oil,  shall  be  properly  placed  in  the  forms  so  that  the  finished  work  will 
appear  as  shown  on  the  plans.  Extreme  care  must  be  used  to  place  them  in 
proper  position  before  placing  any  concrete  or  mortar  in  them. 
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CONTINUOUS  WORK 


The  following  divisions  shall  constitute  sections  for  continuous  work,  viz.: 
Each  footing  course  of  piera  or  abutments;  each  pier  or  abutment  from  footing 
course  to  cornice;  each  pier  or  abutment  from  cornice  to  springing  line  of  arch; 
each  spandrel  wall  from  keystone  to  pier  or  abutment;  each  pier  or  abutment 
spandrel  wall;  that  portion  of  the  piers  or  abutments  above  springing  line  of  arch 
dial)  be  considered  part  of  the  longitudinal  sections  of  the  arch  previously 
described. 

Each  of  the  above  sections  shall  be  carried  on  continuously  uight  and  day 
if  necessary;  that  is,  each  layer  shall  be  well  rammed  in  place  before  the  pre- 
viously deposited  layer  shall  have  time  to  partially  set. 

Care  shall  be  taken  to  make  the  joints  (for  expansion)  in  each  spandrel  wall 
over  piers  as  indicated  on  the  plans. 


CONCRETE  IN  COFFER-DAMS 

The  natural  cement  concrete  in  the  cofter-dam  shall  estend  from  depths 
marked  on  plans  to  i  foot  below  low  water.  Upon  this  concrete  the  footing 
courses  ol  piers  and  abutments  shall  be  founded. 

The  sheet-piling  of  coSer-dams  shall  be  cut  o&  at  lea^t  down  to  low-water 
mark,  neatly  and  evenly,  by  the  contractor  before  the  completion  of  the  work. 
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EXTRACTS  FROM  KATTE'S  MASONRY  SPECIFICATIONS 

By  permission  of  Walter  Katte,  M.  Am.  Soc.  C.E. 

Excavations  will  be  classi&cd  under  the  following  heads,  viz.:  Earth,  hard- 
pan,  loose  rock,  solid  rock,  and  excavation  in  water. 

E^RTH  will  include  clay,  sand,  gravel,  loam,  decomposed  rock  and  slate, 
atones  and  boulders  containing  less  than  one  cubic  foot,  and  all  other  matters 
of  an  earthy  nature,  however  compact,  excepting  only  "  hardpan,"  as  described 

Hardpan  will  consist  of  tough,  indurated  clay  or  cemented  gravel  which, 
in  the  opinion  of  the  Engineer,  requires  blasting  for  its  removal. 

Loose  Rock. — All  boulders  and  detached  masses  of  rock  measuring  over 
one  (i')  cubic  foot  in  bulk,  and  less  than  one  (i)  cubic  yard;  also  all  slate,  shale, 
soft  friable  sandstone  and  soapstone,  and  all  other  materials  excepting  rock, 
solid  ledge,  and  those  described  above;  also  stratified  rock  in  layers  of  not 
exceeding  eight  (8")  inches  in  thickness,  when  separated  by  strata  of  clay,  and 
which,  in  the  judgment  of  the  Engineer,  may  be  removed  without  blasting,  although 
blasting  may  occasionally  be  resorted  to. 

Solid  Rock  will  include  all  rock  found  in  ledges,  or  masses  of  more  than 
one  (i)  cubic  yard,  which,  in  the  judgment  of  the  Engineer,  may  be  best  removed 
by  blasting,  with  the  exception  of  stratified  rocks  described  under  the  head  of 
Loose  Rock.  In  rock  excavations  the  "  bottom  "  must  in  all  cases  be  taken 
down  truly  to  sub-grade;  and  when  so  ordered  by  the  Engineer  ditches  must 
be  formed  at  the  foot  of  the  slope. 

The  contract  price  for  excavations  will  apply  to  pits  required  for  founda- 
tions of  masonry  when  water  is  not  encountered,  and  the  price  for 

Excavation  in  Water  will  only  apply  to  foundation  pits  under  water  and 
deepening  of  channels  in  running  water;  it  must  cover  all  classes  of  material. 
and  include  drainage,  bailing,  pumping,  and  all  materials  and  labor  connected 
with  such  excavations,  also  the  necessary  dressing  of  the  rock. 

Cement  must  be  of  the  best  quality  of  freshly  burned  and  ground  hydraulic 
cement,  and  be  equal  in  quality  to  the  best  brands  of  cement. 

It  will  be  subject  to  test  made  by  the  Engineer  or  his  appointed  inspector,  and 
must  stand  a  proof  tensile  test  of  fifty  (50)  pounds  per  square  inch  of  sectional 
area  on  specimens  allowed  a  set  of  thirty  (30)  minutes  in  air  and  twenty-four  (14) 
hours  under  water. 

Mortar  will  in  all  cases  be  made  of  one  part  in  bulk  of  the  best  hydraulic 
cement  to  two  parts  in  bulk  of  clean,  sharp  sand,  well  and  thoroughly  miied 
together  in  a  clean  box  of  boards,  before  the  addition  of  the  water,  and  must 
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be  used  immediately  after  being  mixed.  No  mortar  left  overnight  will,  under 
any  pretext,  bt  allowed  to  be  used.  The  sand  and  cement  used  will  at  all  times 
be  subject  to  inspection,  test,  acceptance,  or  rejection  by  the  Engineer. 

Concrete. — Concrete  shall  be  composed  of  fragments  of  hard,  sound  and 
acceptable  stone,  broken  to  a  size  that  will  pass  through  a  two  (z")  inch  ring  in 
any  direction,  thoroughly  clean  and  free  from  mud,  dust,  dirt,  or  any  earthy 
admixture  whatever;  mixed  in  the  proportion  of  two  (z)  parts  in  bulk  of  the 
broken  stone  to  one  (i)  part  of  fresh-made  cement  mortar  of  the  quality  herein 
described;  and  is  to  be  quickly  laid  in  sections  and  in  layers  not  exceeding  nine 
(9)  inches  in  thickness,  and  to  be  thoroughly  rammed  until  the  mortar  flushes 
to  the  surface;  it  shall  be  allowed  at  least  twelve  (rzj  hours  to  "  set  "  before 
any  work  is  laid  on  it. 

FOUNDATIONS 

General  Description. — Foundations  for  masonry  shall  be  excavated  to 
such  depths  as  may  be  necessary  to  secure  a  solid  bearing  for  the  masonry,  of 
which  the  Engineer  shall  be  the  Judge.  The  materials  excavated  will  be  classi- 
'  fied  and  paid  for,  as  provided  for  in  these  specifications,  under  the  general  head 
of  Excavations;  and  in  case  of  foundations  in  rock,  the  rock  must  be  excavated 
to  such  depth  and  in  such  form  as  may  be  required  by  the  Engineer,  and  must 
be  dressed  level  to  receive  the  foundation  course. 

When  a  safe  and  solid  foundation  for  masonry  cannot  be  found  at  a  reason- 
able depth  (to  be  judged  of  by  the  Engineer),  there  will  be  prepared  by  the  con- 
tractor such  artificial  foundations  as  the  Engineer  may  direct.  All  materials 
taken  from  the  excavations  for  foundations,  if  of  proper  quality,  shall  be  deposited 
in  the  contiguous  embankment;  but  any  material  unfit  for  such  purpose  shall 
be  deposited  outside  the  roadway,  or  in  such  place  as  the  Engineer  shall  direct, 
and  so  that  it  shall  not  interfere  with  any  drain  or  water-course. 

Timber.— Timber  foundations  when  required  shall  be  such  as  the  Engineer 
may  by  drawings  or  otherwise  prescribe,  and  will  be  paid  for  by  the  one  thousand 
feet,  board  measure.  The  price,  covering  cost  of  material,  framing,  and  putting 
in  place,  and  all  wrought-  and  cast-iron  work  ordered  by  the  Engineer,  will  be 
paid  for  per  pound,  the  price  including  cost  of  material,  manufacture,  and  placing 
in  the  work. 

Piling. — All  timber  used  in  foundations  or  foundation  piling  shall  be  of 
young,  sound,  and  thrifty  white  oak,  yellow  pine,  or  other  timber  equally  good 
for  the  purpose,  acceptable  to  the  Engineer.  Piles  must  be  at  least  eight  (8") 
inches  in  diameter  at  the  small  end  and  twelve  (12")  inches  in  diameter  at  the 
bult  when  sawn  ofT;  they  must  be  perfectly  straight  and  be  trimmed  close,  and 
have  the  bark  stripped  oft  before  they  arc  driven.  They  must  be  driven  into 
hard  bottom  until  they  do  not  move  more  than  one-half  inch  under  the  blow  of 
a  hammer  weighing  two  thousand  (zooo)  pounds,  falling  twenty-five  (15')  feet 
at  the  last  blow.  They  must  be  driven  vertically  and  at  the  regular  distances 
apart  from  centers,  transversely  and  longitudinally  as  required  by  the  plans 
or  directions  of  the  Engineer;  they  must  be  cut  oft  squarely  at  the  butt  and  be 
well  sharpened  to  a  jioint,  and  when  necessary,  in  the  opinion  of  the  Engineer, 
shall  be  shod  with  iron  and  the  heads  bound  with  iron  hoops,  of  such  dimensions 
as  he  may  direct,  which  will  be  paid  for  the  same  as  other  iron  work  used  in 
foundations. 
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The  necessary  length  of  piles  shall  be  ascertained  by  driving  lest  piles  in 
different  parts  of  the  localities  in  which  they  are  to  be  used;  and  in  case  a  pile 
shall  not  prove  long  enough  to  reach  "  hard  bottom  "  it  shall  be  sawed  off  square, 
and  a  bole  two  (2")  inches  in  diameter  be  bored  into  its  head  twelve  (13")  inches 
deep;  into  this  hole  a  circular  white-oak  trenail  twenty-three  (23")  inches  in 
length  shall  be  weU  driven,  and  another  pile  similarly  squared  and  bored,  and 
at  as  large  a  diameter  at  the  small  end  as  can  be  procured,  shall  be  placed  upon 
the  lower  pile,  brought  to  its  proper  position,  and  driven  as  before  directed.  All 
piles,  when  thus  driven  to  the  required  depth,  are  to  be  cut  ofi  truly  square  and 
horizontal  at  the  proper  height  given  by  the  Engineer,  and  only  the  actual  num- 
ber of  lineal  feet  of  the  piles  left  for  usa  in  the  foundations  after  being  sawn  off 
will  be  paid  for. 

Coffer-dams. — Where  coffer-dams  are,  in  the  opinion  of  the  Engineer, 
required  for  foundations  the  prices  provided  in  the  contract  for  timber,  piles, 
and  iron  in  foundations  will  be  allowed  for  the  material  and  work  on  same,  which 
is  understood  as  covering  all  risks  from  high  water  or  otherwise,  draining,  bailing, 
pumping,  and  all  materials  connected  with  the  coSer-dams.  Sheet-piling  will 
be  classed  as  plank  in  foundations,  and  will  be  paid  for  per  one  thousand  (1000') 
feet,  board  measure,  if  left  in  the  ground. 

TIMBER 

All  timber  must  be  sound,  straight-grained,  and  free  from  sap,  loose  or  rotten 
knots,  wind-shakes,  or  any  other  defect  that  would  impair  its  strength  or  dur- 
ability; it  must  be  sawed  (or  hewed)  perfectly  straight  and  to  exact  dimensions, 
with  full  comers  and  square  edges;  all  framing  must  be  done  in  a  thoroughly 
workmanlike  manner,  and  both  material  and  workmanskip  will  be  subject  to 
the  inspection  and  acceptance  of  the  Engineer. 
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SPECIFICATIONS  FOR  STEEL  COFFER-DAM 

Design. — The  shell  shall  be  made  of  elliptical  shape  for  ordinary  piers  and 
circular  for  pivot  piers.  It  shall  be  made  not  less  than  four  feet  larger  than 
footing  of  pier  in  plan,  to  allow  for  variation  in  position  during  sinking. 

The  plates  used  shall  be  as  large  as  can  be  handled  with  ease  in  the  shop, 
during  shipment,  and  during  erection. 

The  splices  may  be  either  lap  or  butt  joints,  provided  a  good  tight  job  will 
result,  and  the  rivets  must  be  spaced  according  to  boilei-makei's  rules. 

The  joint  may  be  made  tight  by  calking  oi  by  the  use  of  a  calking  strip,  but 
in  either  event  the  result  must  be  guaranteed. 

The  shell  must  be  stiffened  by  horizontal  stiSening  angles,  girders,  or  trussing, 
to  resist  deformation  during  the  placing  and  to  resist  both  the  quiescent  and  a 
marimum  unbalanced  earth  or  water  pressure,  or  a  wind  pressure. 

The  bottom  plates  shall  be  re-enforced  with  narrow  plates  inside  and  out- 
side, to  form  a  wedge-shaped  cutting  edge;  and  when  there  is  rock  or  hard  bot- 
tom, the  plates  shall  be  cut  to  conform  lo  its  contour  as  nearly  as  possible. 

The  top  shall  be  properly  stiffened,  and  if  necessary  provided  with  con* 
neclion  holes  for  additional  sections. 

The  factor  for  safety  shall  in  no  case  be  less  than  four,  and  in  case  the  shell 
will  be  subject  to  shock,  not  less  than  six. 

No  metal  of  a  less  thickness  than  I  inch  shall  be  used  for  temporary  woA, 
nor  less  than  |  inch  for  permanent  work  in  fresh  water  or  )  inch  in  salt  water. 

Material. — The  entire  shell  shall  be  constructed  of  the  grade  of  steel  known 
as  soft  medium,  except  rivets,  which  shall  be  of  bridge  quality  of  iron. 

The  steel  may  be  made  either  by  the  Bessemer  or  open-hearth  process,  and 
the  phosphorus  shall  never  exceed  0.08  per  cent. 

Soft  medium  steel  shall  have  an  ultimate  strength  of  from  55,000  to  65,000 
poimds  per  square  inch,  as  determined  from  standard  test  pieces;  an  elastic 
limit  of  not  less  than  one-half  the  ultimate  strength;  an  elongation  of  not  less 
than  35  per  cent  in  8  inches;  and  a  reduction  of  area  at  fracture  of  not  less  than 
SO  per  cent. 

Samples  to  bend  cold  i3o°  to  a  diameter  equal  to  the  thickness  of  the  sample, 
without  crack  or  flaw  on  the  outside  of  the  bent  portion. 

Erection.— The  erection  must  be  done  in  a  first-class  manner,  and  all  rivets 
must  have  full  heads.  The  shell  shall  be  placed  in  position  within  one-half 
the  distance  allowed  for  error  in  the  design  of  the  coffer-dam.  Only  a  reasonable 
variation  will  be  allowed  for  difference  in  level. 
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Painting. — All  the  metal  work  shall  be  thoroughly  cleaned  of  rust  or  scale 
at  the  shops  and  coated  thoroughly  with  hot  asphaltum. 

Before  erection,  in  the  field,  it  shall  be  given  a  second  coating  of  hot  asphaltum. 

Sealing. — When  in  position  on  the  bottom,  if  the  coffer-dam  has  not  been 
sunk  through  impervious  strata,  it  shall  be  sealed  by  concreting  around  the 
dicumference  inside  with  concrete  passed  through  a  tube. 

Removal. — Should  the  coffer-dam  not  form  a.  part  of  the  pennauent  founda- 
tion it  shall  be  token  apart,  at  the  joints  designed  for  the  purpose,  and  carefully 
removed  in  such  a  manner  as  not  to  injure  the  foundation,  and  so  as  to  be  used 
again  if  required. 


D.qit.zeaOvGoOt^lc 


APPENDIX  V 

SPECIFICATIONS  FOR  CEMENT  SUBMITTED  TO  THE 
AMERICAN  SOCIETY  FOR  TESTING  MATERIALS* 

Engintmng  Neus,  June  30,  igo4 

In  out  report  last  week  of  the  annual  meeting  of  the  Ameiican  Sodety  for 
Testing  Materials  we  stated  that  the  Committee  on  Cement  had  submitted 
a  report  containing  a  recommended  specification  for  natural  and  Portland 
cements,  which  specification  was  approved  by  the  meeting  and  will  now  be 
voted  on  by  the  society  at  large,  through  letter-ballot.  This  specification  is 
herewith  presented  in  full.  Its  importance  arises  mainly  from  the  fact  that 
this  society  aims  to  produce  specifications  which  shall  be,  as  nearly  as  possible, 
standards  for  this  country.  The  committees  of  the  society  are  carefully  selected 
from  the  most  prominent  representatives  of  the  interests  concerned  and  are 
intended  to  give  equal  hearing  to  manufacturer  and  consumer.  The  Committee 
on  Cement  was  composed  of  thirty-one  members,  as  follows: 

George  F.  Swain,  Professor  of  Civil  Engineering,  Mass.  Inst,  of  Technoli^y, 
Boston,  Mass.  (Chainnan);  George  S.  Webster,  Chief  Engineer,  Bureau  of  Sur- 
veys, Department  of  Public  Works,  Philadelphia  (Vice-Chairman) ;  Richard  L. 
Humphrey,  Consulting  Engineer  and  Chemist,  Harrison  Building,  Philadelphia, 
Pa.  (Secretary);  Booth,  Garrett  &  Blair,  Engineers  and  Chemists,  406  Locust 
St.,  Philadelphia,  Pa,;  T,  J.  Brady,  President,  Coplay  Cement  Manufacturing 
Co.,  Coplay,  Pa.;  C.  W.  Boynton,  Inspector  of  Cements,  Baltimore  &  Ohio 
Railroad  Co.,  Wheeling,  W.  Va.;  Spencer  Cosby,  Major,  Corps  of  Engineers, 
U.  S.  A.,  War  Department,  Washington,  D.  C;  Allan  W.  Dow,  Inspector  of 
Asphalts  and  Cement  for  the  District  of  Columbia,  Washington,  D.  C;  L.  Henry 
Dumary,  President,  Helderberg  Cement  Co.,  Albany,  N.  y.;  A.  V.  Gerstell, 
General  Manager,  Alpha  Portland  Cement  Co.,  Easton,  Pa.;  Edward  H.  Hager, 
Manager,  Cement  Department,  Illinois  Steel  Co.,  Chicago,  III.;  Wm.  H.  Harding, 
President,  Bonneville  Portland  Cement,  Land  Title  B!dg.,  Philadelphia;  Lath- 
bury  &  Spackman,  Engineers  and  Chemists,  1619  Filbert  St.,  Philadelphia; 
Robert  W.  Lesley,  President,  American  Cement  Co.,  21  So.  15th  St.,  Philadelphia, 
Pa.;  F.  H.  Lewis,  Manager,  Virginia  Portland  Cement  Co.,  Fordwick,  Va.; 
John  B.  Lobar,  President,  Vulcanite  Portland  Cement,  Land  Title  Bldg.,  Phil- 
adelphia, Pa.;  Andreas  Lundteigen,  Assistant  Manager,  Peerless  Portland  Cement 

•As  revised  August  16,  1909. 
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Co.,  Uoion  City,  Mich.;  W.  W.  Maclay,  President  Glens  Falls  Portland 
Cement  Co.,  Glens  Falb,  N.  Y.;  Charles  A.  Mateham,  Manager,  Lehigh  Port- 
land Cement  Co.,  AUentown,  Pa.;  Charles  F.  McKenna,  CoosultiDg  Chetntst, 
Laboratories,  sai  Peari  St.,  New  York;  Spencer  B.  Newberry,  Manager,  San- 
dusky Portland  Cement  Co.,  Sandusky,  Ohio;  F.  H.  Bainbridge,  Assistant 
Engineer  of  Bridges,  Illinois  Central  Railroad  Co.,  Chicago,  111.;  ,J.  Madison 
Porter,  Professor  o£  Civil  Engineering,  Lafayette  College,  Easlon,  Pa.;  Joseph 
T.  Richards,  Chief  Engineer,  Maintenance  of  Way,  Pennsylvania  Railroad  Co., 
Broad  St.  Sta.,  Philadelphia,  Pa.;  Clifford  Richardson,  Director,  New  York 
Testing  Laboratory,  Long  Island  City,  New  York;  Louis  C.  Sabin,  Asst.  Engi- 
neer, United  States  Engineer  Office,  Detroit,  Mich.;  Harry  J.  Seaman,  Super- 
intendent, Atlas  Cement  Co.,  Northampton,  Pa.;  S.  S.  Voorhees,  Engineer  of 
Tests,  Supervising  Architect's  OfF.ce,  Treasury  Department,  Washington,  D.  C; 
Olaf  HofF,  Engineer  of  Structures,  New  York  Central  &  Hudson  River  Railroad, 
Grand  Central  Sla.,  New  York;  W.  S.  Fames,  President,  American  Institute 
of  Architects,  St.  Louis,  Mo.;  W.  J.  Kelly,  Vice-President,  American  Railway 
Engineering  and  Maintenance  of  Way  Association,  Minneapolis,  Minn. 

The  specifications  drawn  up  by  this  committee  are  prefaced  by  some  eiplan- 
atoiy  remarks  and  suggestions  in  regard  to  ihe  various  tests.  For  further  expla- 
nations of  the  procedure  of  testing  the  committee  refers  to  the  report  of  the  Com- 
mittee on  Uniform  Tests  of  Cement  of  the  American  Society  of  Civil  Engbeers. 
whose  recommendations  it  adopts  as  standard  and  reprints  as  an  appendix  to  its 
report.  We  have  omitted  this  appendix  and  give  below  only  the  specifications 
and  the  prefatory  remarks: 


GENERAL  OBSERVATIONS 

1.  These  remarks  have  been  prepared  with  a  view  of  pointing  out  the  perti- 
nent  features  of  the  various  requirements  and  the  precautions  to  be  observed 
in  the  interpretation  of  the  results  of  the  tests. 

2.  The  committee  would  suggest  that  the  acceptance  or  rejection  under 
these  specifications  be  based  on  tests  made  by  an  experienced  person  having 
the  proper  means  for  making  the  tests. 

3.  Specific  Gravitv. — Specific  gravity  is  useful  in  detecting  adulteration. 
The  results  of  tests  of  specific  gravity  are  not  necessarily  conclusive  as  an  indi- 
cation of  the  quality  of  a  cement,  but  when  in  combination  with  the  results  of 
other  tests  may  afford  valuable  indications. 

4.  Fineness.— The  sieves  should  be  kept  thoroughly  dry. 

5.  Time  Of  Setting. — Great  care  should  be  exercised  tomaintain  the  test 
pieces  under  as  uniform  conditions  as  possible.  A  sudden  change  or  wide  range 
of  temperature  in  the  room  in  which  the  tests  are  made,  a  very  dry  or  humid 
atmosphere,  and  other  irregularities  vitally  affect  the  rate  of  setting. 

6.  Constancy  of  Volume. — The  tests  for  constancy  of  volume  are  divided 
into  two  classes,  the  first  normal,  the  second  accelerated.  The  latter  sbould 
be  regarded  as  a  precautionary  test  only,  and  not  infallible.  So  many  condi- 
tions enter  into  the  making  and  interpreting  of  it  that  it  should  be  used  with 
extreme  care. 

7.  In  making  the  pats  the  greatest  care  should  be  exercised  to  avoid  initial 
strains  due  to  molding  or  to  too  rapid  drying  out  during  the  first  twenty-foui 
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hours.    The  pats  should  be  preserved  under  the  most  uniform  conditions  pos- 
sible, and  rapid  changes  of  temperature  should  be  avoided. 

8.  The  failure  lo  meet  the  requirements  of  the  accelerated  tests  need  not 
be  sufficient  cause  for  rejection.  The  cement  may,  however,  be  held  for  twenty- 
eight  days,  and  a  retest  made  at  the  end  of  that  period,  using  a  new  sample. 
Failure  to  meet  the  requirements  at  this  time  should  be  considered  sufficient 
cause  for  rejection,  although  in  the  present  state  of  our  knowledge  it  cannot  be 
said  that  such  failure  necessarily  indicates  unsoundness,  nor  can  the  cement 
be  considered  entirely  satisfactory  simply  because  it  passes  the  tests. 


STANDARD  SPECinCATIONS  FOR  CEMENT 

I.  G^NEBAl  Conditions.— All  cement  shall  be  inspected. 

3.  Cement  may  be  inspected  either  at  the  place  of  manufacture  or  on  the 

3.  In  order  to  allow  ample  time  for  inspecting  and  testing,  the  cement  should 
be  stored  in  a  suitable  weather -tight  building  having  the  floor  properly  blocked 
or  raised  from  the  ground. 

4.  The  cement  shall  be  stored  in  such  a  manner  as  to  permit  easy  access  for 
proper  inspection  and  identification  of  each  shipment. 

5.  Every  facility  shall  be  piovided  by  the  contractor  and  a  period  of  at  least 
twelve  days  allowed  for  the  inspection  and  necessary  tests. 

6.  Cement  shall  be  delivered  in  suitable  packages  with  the  brand  and  name 
of  manuladure  plainly  marked  thereon. 

7.  A  bag  of  cement  shall  contain  94  pounds  of  cement  net.  Each  barrel 
of  Portland  cement  shall  contain  four  bags,  and  each  barrel  of  natural  cement 
shall  contain  three  bags  o(  the  above  net  weight. 

8.  Cement  failing  to  meet  the  seven-day  requirements  may  be  held  await- 
ing the  results  of  the  twenty-eight -day  tests  before  rejection. 

0.  All  tests  shall  be  made  in  accordance  with  the  methods  proposed  by  the 
Committee  on  Uniform  Tests  of  Cement  of  the  American  Society  of  Civil  Engi- 
neers, presented  to  the  society  Jan.  ii,  1Q03,  amended  Jan.  io,  1904,  and  Jan. 
15,  igo8,  with  all  subsequent  amendments  thereto. 

10.  The  acceptance  or  rejection  shall  be  based  on  the  following  requirements: 

Natural  Cement 

II.  Definition.— Thb  term  shall  be  applied  to  the  finely  pulverized  product 
resulting  from  the  calcination  of  an  argillaceous  limestone  at  a  temperature 
only  sufficient  lo  drive  off  the  carbonic  acid  gas. 

12.  Fineness. — It  shall  leave  by  weight  a  residue  of  not  more  than  10  per 
cent,  on  the  No.  100.  and  30  per  cent,  on  the  No.  aoo  sieve. 

13.  Time  of  Setting. — It  shall  develop  initial  set  in  not  less  than  ten  minutes, 
and  it  shall  not  develop  hard  set  in  not  less  than  thirty  minutes,  nor  more  than 
three  hours. 

14.  Tensile  Strength. — The  minimum  requirements  for  tensile  strength 
for  briquettes  i  square  inch  in  cross-section  shall  be  as  toilows,  and  the  cement 
shall  show  no  retrogression  in  strength  wiihin  the  periods  specified: 
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Neat  cement: 

Age.  Strength. 

24  hours  in  moist  air 75  lbs. 

7  days  (i  day  in  moist  air,  6  days  in  water) 150   " 

28    "     (i        "        "         27  "  ) aso   " 

One  pari  cement,  three  parts  standard  Ottawa  sand: 

7  days  (i  day  in  moist  air,  6  days  in  water) 50  lbs. 

28     "     (i        "         "         27        "         "       ) 1^5    " 

15.  Constancy  of  VoLUiiE.—Patsof  neat  cement  about  3  inches  in  diameter, 
one-half  inch  thick  at  center,  tapering  to  a  thin  edge,  shall  be  kept  in  moist  aii 
for  a  period  of  twenty-four  hours. 

(a)  A  pat  is  then  kept  in  air  at  normal  temperature. 

(fc)  Another  is  kept  in  water  maintained  as  near  70°  F.  as  practicable. 

16.  These  pats  are  observed  at  intervals  for  at  least  twenty-eight  days,  and, 
to  satisfactorily  pass  the  tests,  should  remain  firm  and  hard  and  show  no  signs  of 
distortion,  checking,  cracking  or  disintegrating. 

Portland  Cement 

17.  Definition. — This  term  is  applied  lo  the  finely  pulverized  product 
resulting  from  the  calcination  to  incipient  fusion  of  an  intimate  mixture  of 
properly  proportioned  argillaceous  and  calcareous  materials,  and  to  which  no 
addition  greater  than  3  per  cent,  has  been  made  subsequent  to  calcination. 

18.  Specific  Gravity.— The  specific  gravity  of  cement  shall  be  not  less  than 
3.10. 

Should  the  test  of  cement  as  received  fall  below  this  requirement,  a  second 
test  may  be  made  upon  a  sample  ignited  at  a  low  red  heat.  The  loss  in  weight 
of  the  ignited  cement  shall  not  exceed  4  per  cent. 

19.  Fineness.— It  shall  leave  by  weight  a  residue  of  not  more  than  8  per 
cent  on  the  No.  100,  and  not  more  than  25  per  cent,  on  the  No.  200  sieve. 

20.  Time  of  Setting. — It  shall  develop  initial  set  in  not  less  than  thirty 
minutes,  and  must  develop  hard  set  in  not  less  than  one  hour,  nor  more  than 
ten  hours. 

21.  Tensile  Strength.— The  minimum  requirements  for  tensile  strength 
(or  briquettes  one  square  inch  in  cross-section  shall  be  as  follows,  and  the  cement 
shall  show  no  retrogression  in  strength  within  the  periods  specified- 

Neat  cemenfi 

Agr.  Strength. 

24  hours  in  moist  air 175  lbs. 

7  days  (i  day  in  moist  air,  6  days  in  water) 500    " 

28     "     (i  "         "        27        "       "        ) 600    " 

One  part  cement,  three  parts  standard  Otlawa  sand 

7  days  (1  day  in  moist  air,  6  days  in  water) joo   " 

28     "     (i  "         "        27        "  ) 27s    " 

22.  Constancy  of  Volume.— Pats  of  neat  cement  about  3  inches  in  diameter 
one-half  inch  thick  at  the  center,  and  tapering  to  a  thin  edge,  shall  be  kept  in 
moist  air  for  a  period  of  twenty- four  hours. 

(a)  A  pat  is  then  kept  in  air  at  normal  temperature  and  observed  at  intervals 
for  at  least  twenty-eight  days. 
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(6)  Another  pat  is  kept  in  water  maintained  as  near  70*  F.  as  practicable, 
and  observed  at  intervals  for  at  least  twenty-eight  days. 

(c)  A  third  pat  is  exposed  in  any  convenient  way  in  an  atmosphere  of  steam, 
above  boiling  water,  in  a  loosely  ciosed  vessel  for  five  hours. 

13.  These  pats,  to  satisfactorily  pass  the  requirements,  shall  remain  firm 
and  hard  and  show  no  signs  of  distortion,  checking,  cracking  or  disintegration. 

34.  StJLPHURiC  AcD)  AND  Magnesia. — The  cement  shall  not  contain  more 
than  1.75  per  cent,  of  anhydrous  sulphuric  acid  (SOi),  nor  more  than  4  per  cent. 
a  (MgO). 
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The  prediction  was  made,  in  the  first  edition  of  this  boolc.,  at  the  end  of 
Chapter  VI,  that  Metal  Sheet-pih'ng  would  doubtless  come  into  use  as  timber 
became  more  expensive  to  use,  and  at  the  end  of  Chapter  VIII  mention  is  made 
of  work  at  Cu»haven  Harbor,  Germany,  where  Metal  Sheet-piles  were  used. 
An  account  is  also  given  of  the  Friestedt  Patent  Interlocking  Sheet-piling, 
which  is  almost  identical  with  Metal  Sheet-piling  described  in  Volume  I  of 
the  "  Transactions  of  the  Institution  of  Civil  Engineers."  It  is  worthy  of 
comment  that  this  has  probably  been  lost  sight  of  by  engineers,  and  even  "  The 
Engineer"  in  a  review  ol  the  first  edition  of  this  book  makes  the  statement: 

"  Numerous  existing  examples  of  coffer-dams  constructed  of  sheet-piling 
are  described  and  illustrated,  and  Mr.  t'owler  endorses  a  statement  recently 
made  in  our  columns  by  remarking  that  "  the  growing  scarcity  of  timber  will 
doubtless  lead  to  the  use  of  metal  at  some  time  in  the  future  to  replace  sheet- 
piling  for  cofler-dams."  So  that  the  following  paper  on  Metal  Sheet-piling, 
published  in  1836,  will  doubtless  prove  at  great  interest  to  engineers,  il  not  of 
considerable  value; 

"  Memoir  on  the  use  of  Cast  Iron  in  Piling,  particularly  at  Bnmswick  Wharf, 
BlackwaU.     By  Michael  A.  Borlhwick.  A.  Inst.  C.E." 

A  short  sketch  of  the  introduction  and  use  of  cast  iron  in  piling  may  not  be 
considered  an  inappropriate  accompaniment  to  an  account  of  one  of  tEie  most 
recent  works  in  which  il  has  been  adc^led. 

Public  attention  was  first  drawn  to  such  an  application  of  iron  by  Mr. 
Ewart,  of  Manchester,  now  of  His  Majesty's  Dock-yard,  at  Woolwich;  but 
though  this  merit  is  certainly  due  to  that  ingem'oua  gentleman,  he  had  been, 
a:>  it  afterwards  proved,  anticipated  in  the  idea  by  the  late  Mr.  Mathews,  of 
Bridlington,  who,  previously  to  the  dale  of  Mr.  Ewarl's  patent,  had  used  cast- 
iion  sheet-piles  in  the  foundations  of  the  head  of  the  north  pier  of  that  harbor. 
These  piles  were  of  difierent  forms;  in  the  margin  (Fig.  471)  is  given  a  cross- 
section  of  one  of.  I  believe,  the  most  common,  in  which  it  will  be  seen  the  adjoin- 
ing piles  dovetail  lo  each  other,  while  in  others,  I  have  been  informed,  they 
merely  overlap.  Their  length  was  about  8  or  9  feel,  their  width  from  ai  inches 
to  2  feet,  and  their  thickness  half  an  inch. 

In  ignorance  of  Mr.  Mathews'  proceedings,  Mr,  Ewart,  in  the  beginning 
of  1812,  took  out  a  patent  for  a  new  method  of  making  coSer-dams,  whidi  be 
proposed  to  efiect  by  employing  plates  of  cast  iron,  held  together  by  cramps 
fitted  to  dovetailed  edges  on  the  piles.  A  section  of  these  piles,  taken  from 
some  that  have  been  used,  is  shown  in  the  accompanying  sketch  (Fig.  473). 

760 
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A  detail  o(  the  mode  in  which  it  was  proposed  to  combine  them  so  as  to  form 
a  co&er-dam  might  be  out  of  place,  in  a  paper  that  has  reference  more  to  the 
use  of  iron  piling  for  permanent  purposes;  the  plan,  as  described  in  the  spedtica- 
tion  of  the  patent,  is  to  be  found  in  the  Repertory  of  Arts,  and  an  abstract  of 
it  in  the  London  Journal  of  Arts  and  Scierices  for  the  year  iSaa.  The  length 
of  the  piles  is  therein  stated  as  Intended  to  be  from  lo  to  15  feet,  which  is,  I 
understand,  about  what  they  have  generally  been  made,  and  for  cases  requiring 
a  greater  depth,  a  mode  is  described  of  lengthening  the  piles,  by  pladng  one 
above  another,  and  secudng  the  horizontal  joints  by  means  of  dovetailed  cramps. 
Though,  on  being  apprised  of  what  had  been  done  at  Burlington,  Mr.  Ewart 
did  not  defend  his  patent,  his  piles  have  been  pretty  extensively  adopted,  par- 
ticularly by  Mr.  Mylne,  of  New  River  Head,  London,  and  Mr,  Hartley,  of 
Liverpool.  Besides  other  operations  in  the  important  public  work  under  his 
charge,  the  former  gentlemen  used  the  piles,  soon  after  their  invention, 
with  complete  success  in  a  cotfer-dam  of  considerable  size,  constructed  in  the 
river  Thames  for  the  purpose  of  putting  in  a  suction-pipe  opposite  the  New 
River  Company's  establbhment  at  Broken  Wharf.  They  have  also  been  used 
with  advantage  by  Mr.  Hartley,  in  founding  the  pier  heads  of  the  basin  of 
George's  Dock,  and  various  parts  of  the  walls  of  some  of  the  other  docks  at 
Liverpool,  as  also  in  putting  In  the  foundations  of  the  south  river-wall. 


Looking  at  the  dovetailed  form  of  these  piles,  one  would,  t  think,  have  been 
JDchned  to  anticipate  difficulty  in  driving  them,  but  this  does  not  seem  to  have 
been  met  with  to  any  extent  in  practice,  at  least  In  coETei-dams,  the  original 
object  of  the  invention.  On  this  point  I  have  pleasure  in  being  able  lo  quote 
some  observatloBs  of  Mr.  John  B.  Hartley,  which  contain  the  results  of  the 
Liverpool  experience:  "Considerable  care,"  he  writes,  "is  required  in  keeping 
the  piles  in  a  vertical  position,  as  they  are  apt  to  shrink  every  blow  and  drive 
slanting.  They  require  to  be  driven  between  two  Jieavy  balks  of  timber  to  keep 
them  in  a  straight  line,  as  they  expose  very  little  section  to  the  blow  of  the  ram, 
and  are  so  sharp  that  they  are  easily  driven  out  of  a  right  line.  There  is  another 
very  necessary  precaution  to  be  taken,  which  is  the  keeping  of  the  fall  in  the  same 
line  as  the  pile;  oihcrnise  the  ram  descending  on  the  pile  and  not  striking  it 
fairly,  all  parts  equally,  the  chances  are  tbat,  if  in  a  pretty  stiS  stratum,  the  head 
breaks  off  in  shivers,  and  the  pile  must  be  drawn,  which  is  sometimes  no  easy  mat- 
ter." He  concludes  by  saying,  "  these  piles  are  on  the  whole  the  most  useful 
tools  you  can  use  for  their  purpose  (coffer-damming).  1  believe  they  have  had  as 
extensive  a  trial  at  the  Liverpool  Docks  as  anywhere  else,  and  certainly  with 
success.  They  have  generally  been  driven  with  the  ringing  or  hand  engine 
and  rams  of  3  or  4  cwt.,  a  front  and  back  pile  being  driven  at  the  same  time  by 
one  ram." 

In  the  work  at  Broken  Wharf,  the  practice  was  to  insert  the  piles  and  cramps 
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all  round  the  dam  first,  and  drive  them  a  moderate  distance  into  the  ground, 
then  to  pass  the  engine  repeatedly  round  and  send  them  down  gradually,  instead 
of  driving  them  home  at  once;  and  Mr.  Mylne  has  mentioned  to  me  that  while 
this  was  in  progress,  the  piles  being  at  the  time  but  slightly  driven,  he  was  some- 
what alarmed  one  moming  at  finding  that  the  run  of  the  water  had  elevated 
one  end  of  the  dam  considerably  above  the  other.  The  dovetails,  however, 
held  good,  and  proper  precautions  being  taken,  the  return  of  the  tide  put  all 
right  again  without  at  all  crippling  the  work,  the  movement  having  been  regular 
all  over  the  dam.  I  ought  to  add  that  these  dams  are  still  used  in  the  worts 
on  the  New  River,  four  sets  being  generally  kept  in  hand,  and  that  the 
ringing  engitte  is  always  employed,  and  the  above  stated  method  of  driving 
followed, 

I  have  perhaps  dwelt  longer  on  Mr.  Ewart's  project  than  I  should  otherwise 
have  done,  from  a  feeling  that  from  his  labors  has  sprung  much  that  has  followed 
in  the  way  of  iron  piling;  and  besides,  it  may  be  observed,  the  remarks  as  to 
driving  are  not  entirely  limited  in  their  application  to  this  particular  descrip- 
tion of  pile.  The  next  work  that  occurs  was  executed  by  Mr,  Walker  in  1S24; 
this  was  the  rebuilding  of  the  return  end  of  the  quay-wall  of  Downes  Wharf, 
Saint  Katherine's,  which  had  been  undennined  by  the  wash  from  the  Hermitage 
entrance  of  the  London  Docks.  With  a  view  to  a  more  effectual  resistance 
of  a  like  action  in  future,  iron  instead  of  wood  sheet-piling  was  introduced  in  the 
foundation  of  the  wall  in  question;  and  though,  if  one  may  judge  from  the  spec- 
ification of  the  patent,  no  application  of  his  plan  of  so  permanent  a  nature  seems 
to  have  been  contemplated  by  Mr.  Ewart,  the 
work  was  begun  according  to  it,  but  it  was  after- 
wards modified  at  the  request  of  the  contractor, 
so  as  to  give  the  section  of  pile  shown  in  the 
margin  (Fig.  473),  the  flanch  being  in  front  or 
outside.  Although,  as  has  been  already  seen,  the 
piles  in  their  original  form  may  be  easily  enough 
driven  in  some  cases,  it  was  found  impossible  to 
get  them  down  in  a  regular  line  to  the  d^lh 
required  in  the  present  instance,  through  the  hard  material  that  had  to  be 
penetrated,  and  by  which  in  fact  they  were  surrounded  and  pressed  for  nearly 
their  whole  length  of  14  feet. 

A  work  on  a  much  larger  scale  than  any  yet  mentioned  now  presents  itself, 
the  wharfing  at  the  sea  entrance  of  the  Norwich  and  Lowestoft  navigation.  In 
this  Mr.  Cubitt  has  adopted  sheet -piling  exclusively  without' the  intervention  o[ 
main  or  guide  piles;  the  form  and  section  will  be  seen  by  the  accompanying  sketches 
(Fig.  474),  which  it  is  almost  unnecessary  to  observe  are  not  drawn  to  the  same 
scale,  the  transverse  section  being  considerably  enlarged  beyond  the  other  two. 
The  piles  are  all  30  feet  long;  their  weight  is  about  a  ton  and  a  half  each.  The 
back  flanch,  which  is  shown  at  the  deepest  on  the  cross-section,  tapers  gradually 
to  about  6  inches  at  lop,  where  the  angles  are  blocked  in  to  form  a  head  for  driv- 
ing, and  is  diminished  at  the  lower  end  by  steps  or  set-ofls  of  parallel  width  with 
square  ends,  instead  of  a  straight  or  curving  hne,  as  the  latter  shape  was  found 
,  to  have  a  tendency  to  press  the  pile  forward,  whereas  by  the  plan  adopted  it 
drove  as  fairiy  as  if  the  flanch  had  been  continued  its  full  width  to  the  foot  of  the 
pile.  The  driving  was  all  effected  by  means  of  crab  engines  with  monkeys  about 
as  heavy  aa  the  piles,  no  more  fall  being  allowed  than  was  necessary  to  send  them 
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down,  and  the  whole  is  secured  by  land  ties,  two  in  height,  at  intervals  of  ^ 

feet.    The  entire  length  of  wharfing  thus  constructed  is  about  2000  feet. 

From  the  fonn  of  the  pile,  according  to  this  plan,  giving  so  thin  an  abutting 

surface,  and  the  joints  not  being  covered  in  any  way,  close  and  accurate  driving 

seems  essential  to  its  efficacy,  and  the  nature  of  the 

ground  (sand  mixed  with  shingle)  would  have  made 

this  a  somewhat  troublesome  operation  at  Lowestoft, 

but  for  the  plan  that  was  taken  to  insure  precision. 

This  consisted  in  riveting  close  to  the  lower  end  of 

the  pile  about  to  be  driven  a  pair  of  strong  wrought- 

iron  cheeks  projecting  beyond  the  edge  about  a  or  3 

inches,  which  clasping  the  pile  already  driven,  served 

as  a  guide  or  groove  to  keep  the  piles  flush,  however 

this  the  edge  *  and  the  tendency  to  turn  out  or  in 

at  the  heel  was  counteracted  after  a  few  trials  by 

giving  a  greater  or  less  bevel  to  the  front  or  back  face. 

With  these  appliances  the  piling  was  pretty  closely 

driven,  and  the  work,  which  was  completed  in  1833, 

has  been  found  fully  to  answer  the  object  of  support- 
ing the  sides  of  the  cut  from  Lake  Lothing  to  the  sea 

against  the  effects  of  the  very  ingenious  and  powerful 

sluicing  apparatus  provided  in  the  lock  at  that  place. 
About  a  year  later  than  the  above,  Mr.  Sibley 

constructed  an   iron  wfaaifing  on  the  E<ea  Cut  at 

Limehouse  on    an   opposite   principle,    sheet-piling 

being  in  this  case  altogether  discarded,  and  the  work 

consisting  of  flat  plates  let  down  in  grooves  on  the 

sides  of  guide-piles  of  an  elliptical  form  according  to 

the  section  opposite  (Fig.  475),  driven  at  distances 

of  JO  feet.    These  piles  are  20  feet  long,  weigh  about 

li  tons  each,  and  are  g  feet  apart;  they  are  hollow  throughout,  to  enable  a 

passage  for  them  to  be  bored  in  the  soil  by  means  of  an  auger  passed  through 

them,  and  so  ease  the  driving  and  are  filled  with  concrete;    each  pile  is  land- 
tied,  and  the  plates  extend  to  within  6  feet  of  the  point. 
A  similar  wharfing,  but  on  a  larger  scale,  has  since  been 
^_/<:^^T^^^^::s^^  made  on  each  side  of  the  Thames,  adjoining  New  London 

5(  )P  Bridge;   that  on  the  city  side  rather  an  extensive  work, 

^\;v;__-;yp  the  piles  ia  it  being  43  feet  long  (cast  in  two  unequal 

u. III. -J  lengths  with  a  spigot  and  faucet  joint),  of  a  cylindrical 

form,  12  inches  diameter,  and  of  metal  i)  inches  thick, 

Fio.  47S.— Sibley  Ihon     and  each  pile  being  secured  by  two  tiers  of  ties  of  2-inch 
Sheei-piung.  square  iron  carried  70  or  80  feet  back,  to  resist  the  great 

depth  of  filling  up  or  backing. 
The  plan  just  described  seems  well  enough  adapted  for  situations  where 

any  great  increase  of  depth  is  not  likely  to  take  place.     The  absolute  depth 

is  not  so  important,  though  where  this  is  considerable,  it  may  be  questionable 

whether  a  heavy  wharf  would  not  be  the  better  for  the  protection  of  a  continuous 

row  of  piling  at  foot;   Ihe  strong  land-tying  necessary  in  the  last-mentioned 

work  seems  to  point  to  this. 

f/fhii  plan  b a).  I  believe.  b«n  folloved  br  Mr.  Cubitt  In  driving  timbct-^UaiilK),  la  chn 
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I  now  come  to  the  quay-wall  constructed  in  1833-34  W  Messrs.  Walker 
and  Burges  on  the  river  Thames,  in  front  of  the  East  India  Dodis  at  Blackwall 
and  since  named  Brunswick  Wharf.  The  object  of  this  work  was  to  afford 
accommodation  for  the  largest  class  of  steam-vessels  at  al!  times  of  tide,  for 
which  the  old  quay,  even  had  it  not  been  in  a  state  of  decay,  was  not  adapted 
from  the  shallowness  of  the  water  in  front  of  it.  To  effect  this,  the  first  idea  was 
to  run  out  two  or  three  jetties  from  the  wharf,  but  this  was  soon  abandoned, 
and  a  new  river- wall  resolved  on;  and  advantage  was  taken  of  the  occasion 
to  improve  the  line  of  frontage  by  an  extensioD  into  the  river,  under  the  sanction 
of  the  Navigation  Committee  of  the  Port  of  London,  varying  from  a  point  at  the 
east  end  to  about  15  feet  at  the  other  extremity.  The  use  of  iron  in  the  woit 
was,  T  have  understood,  suggested  by  Mr.  Cotton,  deputy  chainnan  at  the  time. 
and  for  many  years  an  active  member  of  the  most  respectable  and  liberal  body 
then  in  the  direction  of  the  East  India  Dock  Compaiky,  and  the  adoption  of  the 
proposal  was  facilitated  by  the  circumstance  which  probably  led  in  the  first 
instance  to  its  being  made,  namely,  the  low  price  of  the  material  at  the  period, 
the  contract  being  httle  more  than  7  pounds  per  ton  delivered  in  the  Thames. 

In  the  accompanying  drawing  (Fig.  476)  an  attempt  is  made  to  show  the 
mode  of  construction  that  was  followed,  so  as  to  avoid  the  necessity  for  much 
written  detail.  The  first  operation  was  to  dig  a  trench  a  yards  deep  in  the 
intended  line,  and  this  was  immediately  followed  by  the  driving  of  the  timber 
guide-piles.  The  deepening  in  front,  which,  to  give  the  required  depth  of  10  feet 
at  low  water,  was  as  much  as  iz  feet,  was  not  done  until  near  the  conclusion  of 
the  work;  to  have  effected  it  in  the  first  instance  would  without  any  counter- 
vailing advantage,  except  some  saving  in  the  driving,  have  been  attended  with 
the  doable  expense  of  removing  the  ground  forming  the  original  bottom  between 
the  old  and  new  Unes  of  wharfing,  and  afterwards  refilling  the  void  so  left  by  a 
material  that  would  require  time  to  make  it  of  equal  solidity;  and  even  if  this 
had  been  otherwise,  such  an  attempt  would  have  endangered  the  old  wall,  or  rather 
would  have  been  fatal  to  it.  The  permanent  piling  was  next  begun,  the  main 
piles  being  driven  first  at  intervals  of  7  feet,  and  the  intermediate  spaces  or  bays 
then  filled  in,  working  always  from  right  to  left,  towards  which  the  drafts  of  the 
sheet-piles  were  pointed.  The  ground  is  a  coarse  gravel,  with  a  stratum  of  the 
hard  Blackwall  rock  occurring  in  places,  and  some  trouble  was  occasionally 
eziKrienced  from  its  tendency  to  turn  the  piles  from  the  proper  direction,  but, 
due  attention  being  paid  to  the  form  of  the  points,  the  driving  was  on  the  whole 
effected  pretty  regularly,  but  few  of  the  bays  requiring  closing  piles  specially 
made  for  them,  so  that  the  work  may  be  said  to  be  nearly  iron  and  iron  from 
end  to  end;  at  the  same  time,  the  vertical  joints  of  the  piling  being  all  covered, 
as  will  be  noticed  presently,  any  slight  imperfection  in  this  respect  is  no  serious 
detriment  to  the  work  as  a  whole. 

The  main  piles  are  in  two  pieces,  the  lower  end  of  the  upper  one  being  formed 
so  as  to  fit  into  a  socket  on  the  top  of  the  under  length,  and  the  joining  made 
good  by  means  of  a  strong  screw-bolt;  the  only  object  of  this  was  to  insure  a 
supply  of  truer  castings,  and  lessen  the  difficulty  of  transporting  such  unwieldy 
masses  from  Northumberland  and  Staffordshire  to  London.*  Each  sheet-pile 
is  secured  at  the  top  by  two  bolts  to  the  uppermost  wale  of  the  woodwork  behind, 
and  the  edge  of  the  end  ones  of  each  bay,  it  will  be  observed,  passes  behind  the 

*  The  Birtley  Iron   CompBny,   Nencastle-on^Tyne. 
hul  the  contract  for  driving  the  piles  and  Axing  the  vork 
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adjoining  main  pile,  while  the  other  joints  arc  overlapped  by  the  bosses  with 
which  all  the  sheet-piles  except  the  closers  are  furnished  on  one  side.  Besides 
adding  to  the  perfection  and  security  of  the  work  by  breaking  the  joints,  so  that 


the  water  (if  it  penetrate,  as  with  even  the  best  pile-driving  it  will)  cannot  draw 
the  backing  from  its  place,  these  projections  appear  to  me  to  relieve  the  appearance 
of  the  otherwise  too  uniform  face;  and  a  like  effect  is  produced  by  the  horizontal 
fillets  on  the  lower  edges  of  the  plates  above,  which  also  mask  the  joints.     These 
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plates,  filling  up  the  spaces  over  the  sheet-piling,  are  bolted  to  the  main  piles 
and  to  each  other  in  the  manner  shown,  and  the  joints  stopped  with  iron  cement. 
Where  the  mooring-rings  come,  the  plates  are  cast  concave,  with  a.  hole  perforated 
in  the  middle  to  allow  a  bolt  to  pass  through,  and  this  bolt  is  secured,  as  well 
as  the  land-ties  from  the  main  piles,  to  the  old  wharf,  which  was  not  otherwise 
disturbed,  or  to  needle-piles  driven  adjoining  it.  The  backing  consists  of  a  con- 
crete of  lime  and  gravel.  In  the  proportion  of  about  one  to  ten,  extending  do^-n 
to  the  solid  bottom.  The  coping  with  the  water  channel  in  its  rear  is  of  Devon- 
shire granite;  the  water  is  conveyed  from  the  channel  at  intervab  by  pipes, 
extending  from  gratings  in  the  bottom  in  a  slanting  line  to  the  lowermost  plate, 
discharging  themselves  immediately  above  the  sheet-piling. 

The  main  piles  were  originally  proposed  to  be  hollow  in  section,  according 

to  the  sketch  opposite  (Fig.  477) ;  but  this  was  given  up  on  further  consideration 

of  the  uncertainty  of  procuring  sound  castings  of  the  intended  form,  and  of  the 

greater  liability  to  break  afterwards  from  a  blow  sidewise.     The  solid  form  shown 

on  the  plate  was  therefore  adopted,  according  to  which  the  lower  lengths  weighed 

about  a8  cwt.;  and  that  this  was  not  too  much  was 

fi^l,  shown    by   the    circumstance  of  several  of  the  piles, 

fr~T — -t1  particularly  the  early  ones,  breaking  in  the  testing  or 

\\sy\,^''  driving,  and  showing  in  the  fracture  the  danger  of  even 

L-^IIjrrl-J  a  slight  detect.     The  greater  care   subsequently  taken 

at  the  foundry,  and  probably  also  greater  experience 

Fic.    477.  —  OsioiNAL      in  driving,  made  accidents  of  this  kind  of  rarer  occur- 

PiLE  Pkoposed   for      rence  in  the  later  stages  of  the  work;  and  it  may  be 

BsuNswicK.  mentioned  as  no  bad  proof  of  the  care  of  all  parlies, 

that  of  upwards  of  six  hundred  piles,  including  both 

descriptions,  only  sixteen  broke  in  driving,  seven  being  of  one  sort,  and  nine  of 

the  other;  the  failure  was  in  five  cases  attributed  to  strains  in  driving,  and 

to  imperfections  of  casting  in  the  other  eleven.     The  sheet-piles,  which  bear 

a    considerable  rtsemblance  in  their  general  outline  to  those  used  at  Downes 

Wharf  ten  years  before,  were  proposed  to  be  an  inch  thick,  but  it  was  found 

necessary  to  increase  this  dimension,  and  some  of   them  were  as  much  as  i  J 

inches;   the  average,  however,  was  not  above  li  inches,  and  the  weight  of  each 

pile  17  cwt.     The  length  of  the  wharf  is  about  720  feet,  and  the  whole  weight  of 

iron  used  upwards  of  900  tons. 

The  crab  engine  was  employed  invariably,  the  heads  of  the  piles  being  covered 
with  a  slip  of  j-inch  elm,  to  distribute  (he  force  of  the  blow  equally  over  the 
iron,  and  prevent  jarring.  The  monkeys  used  weighed  from  13  (o  15  cwt.  each, 
and  it  was  found  necessary  to  limit  the  fall  to  a  height  of  3  feet  6  inches,  and 
sometimes  less,  when  the  resistance  proved  more  than  usually  great  and  the  pile 
showed  a  tendency  lo  turn  from  its  straightforward  course.  The  driving  through- 
out was  very  hard,  more  especially  at  the  west  end,  where  the  sheet-piles  in  four 
bays  could  not  be  forced  to  the  fuU  depth,  the  space  above  being  in  two  of  them 
made  up  with  two  plates  in  height,  and  in  the  other  two  admitting  only  one, 
instead  of  three  as  in  the  rest  of  the  work.  Driving  was  the  only  means  resorted 
lo,  or  indeed  practicable  in  the  gravelly  soil  that  prevailed.  Had  the  bottom 
been  clay  or  other  similar  substance,  the  plan  of  boring  10  receive  the  points, 
that  has  been  followed  elsewhere,  might  probably  have  been  partially  adopted 
in  the  main  piles  with  advantage;  but  I  should  say,  certainly  not  to  the  extent 
of  depending  mainly  upon  it  for  getting  the  files  home  to  their  places. 
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I  cannot  quit  the  subject  of  the  Bmnsnick  Wharf  vithout  stating  that  his 
avocations  alone  have  prevented  Mr.  George  Bidder's  association  with  me  in 
the  account  of  a  work,  the  execution  of  which  he  had,  under  Messrs.  Walker 
and  Burges,  the  charge  of  superintending.  Though  rejoicing  at  the  cause,  I 
cannot  help  regretting  the  circumstance  in  the  present  instance,  as  such  co-opera- 
tion on  the  part  of  my  friend  would,  I  feel,  have  givea  this  paper  an  interest  and 
B  value  it  has  now  but  little  claim  to.  I  take  this  opportunity  also  of  acknowl- 
edging my  obligation  to  several  of  the  gentlemen  above  named  ia  connection 
with  the  previous  use  of  iron  piling,  whose  kindness  has  enabled  me  to  make  the 
preliminary  review  much  fuller  than  I  had  al  one  time  any  expectation  of  hav- 
ing the  power  to  do. 

It  remains  for  me  only,  in  conclusion,  to  advert  to  a  consideration  that 
ought  not  to  be  lost  sight  of  in  deciding  upon  the  eligibility  of  cast-iron  wharf- 
ing— I  mean  the  action  of  water  upon  it.  I  do  not  recollect  any  observations 
made  so  as  to  enable  a  practical  inference  to  be  drawn  from  them;  but  the 
importance  of  the  subject  seems  to  claim  attention,  and  possibly  even  this  notice 
may  be  the  means  of  inducing  it  from  those  who  have  the  opportunity. 

The  investigation  belongs  perhaps  rather  to  chemistry  than  engineering, 
but  notwithstanding  the  practical  turn  some  of  the  most  distinguished  cultiva* 
tors  of  that  scieoce  have  given  their  researches,  little  I  believe  has  yet  been  done 
to  explain  the  present  question.  How  iron  is  affected  by  water  in  its  various 
states,  and  in  what  manner  the  action  on  wrought  differs  from  that  on  cast  iron, 
are  interesting  points,  still,  so  far  as  my  information  goes,  to  be  determined; 
and  they  are  not  likely,  to  be  so  in  a  satisfactory  manner  until  some  one  competent 
to  the  task  calb  a  series  of  well-conducted  experiments  in  aid,  as  every  day  shows 
more  clearly  the  uncertainty  of  analogical  reasoning,  however  appararently 
strict,  on  such  subjects.  But  whatever  the  modus  operandi  between  cause  and 
effect,  that  decomposition  of  the  metal,  more  or  less  rapid,  gradually  goes  on 
from  the  action  of  water,  seems  to  admit  of  no  doubt.  Professor  Faraday,  in 
a  letter  to  Captain  Brown,  says,"  Cast  iron  is  certainly  liable  to  great  injury 
from  constant  immersion  in  salt  water,  and  I  think  you  would  find  few,  if  any 
exceptions,  provided  the  water  and  the  iron  are  in  contact."*  And  the  saline 
principle,  to  use  a  somewhat  antiquated  form  of  cxpres^on,  though  a  great  accel- 
erator of  the  process,  docs  not  appear  to  be  aKogetlier  an  essential  to  it;t  at  least, 
I  know  a  case  that  happened  in  a  part  of  the  river  Thames  where  the  water  cannot 
be  said  to  be  more  than  brackish  at  any  lime,  and  indeed  is  generally  quite  fresh, 
in  which  cast  iron,  after  being  immersed  for  little  more  than  twenty  years,  was, 
on  being  withdrawn  from  the  water,  found  so  soft  as  to  yield  to  the  penknife; 
and  the  original  surface  of  the  iron  referred  to — it  was  the  socket-plate  to  the 
hed-post  of  a  lock-gate— had  not  been  submitted  to  the  tool,  in  which  case  it 
is  wdl  known  the  water  would  have  operated  with  much  greater  effect. 

But  though  I  have  thought  it  well  to  glance  at  the  above  case  occurring  in 
water,  always  eK:ept  on  rare  occasions  fresh,  the  sea  is  no  doubt  in  practice, 
the  invader  whose  inroads  are  most  alarming.  Instances  might  easily  be  cited 
in  proof  of  the  ravages  committed  by  that  active  enemy,  though  not  perhaps 
noted  so  circumstantially  as  is  desirable,  but  1  am  unwilling  to  lengthen  this 
communication  further,  and  shall  ihereiore  confine  myself  to  a  passiog  allusion 

•  D»jcript(on  of  ■  Bronie  or  Cast-iron  t;oljmnill  Lighthouse,  etc..  bv  Capl.  Btowd.  R.N. 

t  The  diHerencB  belneen  tea  snd  other  water,  in  opeiaimg  with  the  galvamc  battery,  ii  much 
leu  coiKideiable  than  that  betBcen  the  latter  ud  diftilled,  but  it  is  bttween  ult  aad  fmh  ttut 
th*  oractical  iiiicUioa  liei  io  ttaa  piCMDC  can. 
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to  the  example  on  a  large  scale,  and  after  long  trial,  furnished  by  the  state  of 
the  guns  taken  from  the  wreck  of  the  Royal  George,  as  described  at  a  late  meet- 
ing of  the  Institution;*  and  to  i  limilar  instance  mentioned  by  Berzelius,  b  a 
passage  which  I  quote  at  length,  cot  so  much  however  in  confiimation  of  so  well 
established  a  fact  as  the  eventual  decomposition  of  cast  iron  by  the  action  of  water, 
as  for  the  properties  mentioned  of  the  substance  into  which  the  metal  is  resolved. 
The  extract  is  as  follows: 

"  Quand  la  fonte  reste  long-temps  sous  I'eau,  elle  est  decompos£e;  I'acide 
carbonique  contenu  dans  I'eau  dissout  ie  fer  et  I'entraine;  il  reste  une  masRe 
grise  qui  ressemble  i  la  plombagine.  Lorsqu'on  retira  de  I'eau,  il  y  a  quelques 
annfe,  les  canons  d'un  vaisseait  qui  avait  coul6  k  fond  cinquante  ans  aupar- 
avant,  aux  environs  de  Carlscrona,  on  les  trouva  au  tiers  convert!  en  une  par- 
eille  masse  poreuse;  k  peine  £taient-ils  i  I'air  depuis  un  quart  d'hcure,  qu'ib 
commencSrent  i  s'6chauffer  tellement,  que  I'eau  qui  y  restait  encore  s'fchappa 
sous  forme  de  vapeur,  et  qu'il  fut  impossible  d'y  toucher,  Depuis,  Maccul- 
loch  a  observ6  f  que  Ie  corps  analogue  4  la  plombagine  qui  se  forme  ainsi  pr£- 
sente  toujours  ce  ph£nomene,  et  que  ce  corps  s'£cfaauffe  presque  jusqu'au  rouge, 
en  absorbant  de  I'oxygene.  Ou  ne  sait  pas  pr£cisement  ce  qui  se  passe  dans  ce 
caa."— Trait*  de  Chimie,  Tom,  III,  p,  173. 

•  Min.  of  Conven.  Vci.  V,.  No,  u. 

tThe  observation  refm-Ed  ta  by  Bcruliiu  is  the  mbove  ocean  in  Macculloch'i  Watern  Ida 
of  Scotlsnd  II  think  In  the  account  of  the  iiland  o[  Mull),  where  as  eipUnation  of  the  phcDomeaoa 


,  attempted,  though,  i. 


■nished  by  whoerer.  avuHoR  himiclf 
LindcrtBin  nich  an  iaTesti^liod 


I  have  nnturcd  u 
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SPECIFICATIONS    FOR   FLOATING  PILE  DRIVER  U.  S. 
ENGINEERS,   COLUMBU  RIVER,  OREGON 

DETAILED  SFECIPICATIONS 

General  Desckiftion. — The  work  to  be  done  under  these  specifications 
includes  the  building  of  a  scow  barge;  erecting  thereon  a  set  of  gins  and  a  bouse; 
and  funiishing  and  installing  all  the  machinery  hereinafter  specified.  All  patterns 
required  for  the  hammer,  sheaves,  bearings,  etc.,  shall  become  the  property  of 
the  United  States  and  shall  be  delivered  with  the  driver. 

Matebul  and  WORKUAVSHlP.— Ail  lumber  shall  be  of  the  best  quality 
dose-grain  yellow  fir,  except  where  otherwise  specified,  without  shakes,  rot 
splits,  unsound  or  large  knots,  sap  or  other  imperfections.  Decking  and  planking 
shall  be  edge  grain,  free  from  knots  on  face  and  edges,  thoroughly  seasoned  and 
dry,  but  not  kiln  dried.  All  other  timber  shall  be  as  well  seasoned  as  time  and 
circumstances  will  permit.  AU  lumber  shall  be  surfaced  on  four  sides,  the  sizes 
given  being  for  the  limber  in  the  rough. 

All  fastenings  shall  be  galvanized.  All  bolts  shall  have  washers  under  the 
nuts.     Holes  for  fastenings  shall  be  bored,  allowing  -fi"  for  drifting. 

All  valves  shall  be  "  Lunkenheimer,"  "Powell,"  or  equal;  those  3"  and 
under  shall  be  all  brass  and  those  above  3"  shall  be  cast  iron  with  brass  mountings. 

All  other  materials  shall  be  the  best  of  their  respective  kinds  and  all  work 
shall  be  done  in  a  workmanlike  manner. 

DoiENSiONS. — ^Length  over  all,  70';  width,  34';  moulded  dqith,  4';  crown 
of  deck,  4";  height  of  gins,  66'. 

Gunwales.— Each  gunwale  shall  be  built  up  of  5  strakes  of  the  following 
dimensions:  the  bottom  strake,  !2"Xia"  in  one  length;  the  second  strake, 
6"Xi2"  in  two  lengths;  the  third  strake,  6"Xii"  in  three  lengths;  the  fourth 
strake,  6"Xii"  in  two  lengths,  and  the  fifth  strake,  6"x6"  in  one  length.  All 
joints  shall  be  4'  scarfed  joints,  well  broken  so  that  no  joint  is  directly  over  another. 

The  gunwale  timbers  shall  be  well  fitted  and  fastened  to  a  6"  X6"  rake  tim- 
ber and  an  8"  knee  as  shown  in  Fig.  44.  At  the  stern  they  shall  be  dovetailed 
into  the  transom  as  shown. 

The  gunwale  strakes  shall  be  fastened  together  with  j"  drift-bolts  and  clinch- 
bdts,  driven  with  ft"  drift.  A  complete  set  of  drift-bolts  shall  be  driven  for  each 
strake  as  it  is  put  up.  They  shall  be  spaced  2'  centers  and  each  bolt  shall  go 
through  two  and  one-half  timbers,  except  the  bottom  set,  which  shall  go  through 
the  second  strake  and  within  one  inch  of  bottom  of  bottom  strake.    The  clinch 
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bolts  shall  be  spaced  8'  centers  and  extend  through  all  strakes  and  be  clinched 
over  rings. 

The  strakes  shall  be  closely  joined  together.  The  sides,  scarfs  and  joiots 
shall  have  calking  seams  A"X3"- 

Transous.^ — The  forward  transom  shall  be  built  up  of  three  8"Xia"  timbers 
properly  shaped  for  the  crown  of  the  deck  and  rake  of  plank. 

The  after  transom  shall  be  built  up  of  5  strakes  oF  the  following  dimen^ons: 
the  bottom  strake,  iz"Xi3";  the  next  three,  6"xia,"  and  the  fifth,  6"Xio". 
They  shall  be  properly  shaped  for  the  crown  of  deck  and  rabbeted  for  planking. 
AH  transom  timbers  shall  be  fitted  and  fastened  the  same  as  ^ledfied  for  gun- 
wales.   At  each  dovetailed  comer  there  shall  be  one  J"  bolt  clinched  over  rings. 

Bulkheads. — There  shall  be  two  longitudinal  bulkheads,  built  up  of  one 
8"X8"  strake  in  one  length,  one  6"Xio"  strake  in  six  lengths,  two  6"Xio" 
strakes  in  three  lengths  with  scarfed  Joints,  and  one  6"  X 10"  strake  in  one  length, 
all  drift-bolted  and  through  fastened  the  same  as  specified  for  gunwales.  The 
bulkheads  shall  be  secured  to  the  after  transom  by  3"x8"  posts  and  to  the 
forward  transom  by  8"  knees  as  shown,  all  through  bolted  as  directed. 

Trussed  Stringers. — There  shall  be  five  trussed  stringers  built  up  as  showa 
in  Fig.  47,  with  the  moulded  depth  to  suit  the  crown  of  deck.  The  bottom 
member  shall  be  8"x8"  in  one  length;  the  top  member,  6"x6"  with  joints  as 
shown.  The  posts  shall  be  6"x6"  and  the  diagonals  3"X4",  all  well  fitted  with 
close  joints.  At  each  end  of  each  stringer  there  shall  be  one  8"  knee  connection 
to  the  transoms  fastened  with  seven  j"  through  bolts.  At  every  other  post 
there  shall  be  one  J"  bolt  passing  through  both  members  and  clinched  over  rings. 
The  other  fastenings  shall  be  J"  and  J"  bolts,  placed  as  directed.  Limbers 
ii"X3"  shall  be  cut  as  directed. 

Ci-AMP  Stringeks. — The  clainp  stringers  shall  be  4"x6"  secured  to  the  gun- 
wales by  I"  carriage  bolts  ^>aced  one  foot  apart,  heads  out^de  let  into  counter- 
bored  and  plugged  holes. 

Cross  Beams. — There  shall  be  five  8"X8"  cross  beams  placed  as  shown 
with  an  8"  knee  at  each  end  of  each  beam.  The  posts  and  diagonal  braces  shall 
be  as  shown,  well  fitted  and  fastened.  There  shall  be  seven  j"  through  bolts 
through  each  knee  placed  as  directed,  and  a  f"  drift -bolt  at  every  crossing  of  beam 
and  bottom  stringers. 

Deck  Beams. — There  shall  be  five  8"X6"  deck  beams;  the  others  shall  be 
4"  X6"  spaced  2'  centers.  The  8"  beams  shall  be  fastened  at  each  trussed  stringer 
by  two  I"  carriage  bolts,  and  at  each  end  and  at  each  bulkhead  by  two  J"  drift- 
bolts.  The  4"  beams  shall  be  fastened  at  each  end  and  at  each  trussed  stringer 
by  one  |"  carriage  bolt  and  at  each  bulkhead  by  one  j"  drift-bolt. 

Stanchions.— There  shall  be  four  8"x8"  stanchioiB  connecting  the  afler 
transom  to  the  gunwales  and  bulkheads.  There  shall  be  six  8"x8"  stanchions 
or  tow  posts  arranged  as  shown  in  Figs.  44  and  45,  with  the  comers  of  the  upper 
part  neatly  mitercd.  Ail  stanchions  shall  be  securely  bolted  as  directed  with 
i"  carriage  bolts,  heads  outside  let  into  countcrbored  and  plugged  holes. 

Bottom  Planking. — The  bottom  planking  shall  be  4"Xio"  run  athwaitship 
as  shown.  The  edges  shall  be  slightly  beveled  to  give  sufficient  calking  seams, 
and  the  planks  laid  with  close  joints  inside.  Each  plank  shall  be  fastened  at  each 
crossing  by  three  8"  ship  spikes.  The  heads  shall  be  let  into  counterbores  and 
plugged  with  wooden  plugs  dipped  in  white  lead. 

Deck  Planking.— The  deck  planking  shall  be  3i"x6"  in  lengths  of  Dot 
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less  than  32'  with  butts  well  shifted;  no  two  butts  shall  be  on  the  same  beam 
unless  at  least  three  planks  intervene.  Each  plank  shall  be  spiked  at  each  cross- 
ing by  two  7"  ship  spikes;  the  heads  shall  be  let  into  counterbored  and  plugged 
holes. 

Guards.— The  upper  guard  shall  be  3"Xii"  on  sides  and  3"Xi6"  across 
the  ends;  the  lower  guard,  $"xS"  continued  along  the  bow  and  joined  to  the 
upper  guard.  At  the  after  end,  3"  X8"  vertical  guards  shall  join  the  lower  to  the 
upper  guard.  All  guards  shall  be  well  spiked  with  8"  ship  spikes  and  the  heads 
shall  be  let  into  counterbored  and  plugged  holes.  |"X6"X6'  comer  irons  shall 
be  placed  at  each  comer,  both  top  and  bottom,  and  fastened  with  eight  8" 
countersunk  spikes. 

Hatches. — There  shall  be  three  2'  X3'  hatches  at  each  end,  located  as  directed. 
Each  shall  be  provided  with  both  a  removable  lattice  cover  and  a  solid  cover, 
the  latter  being  flush  with  deck  and  provided  with  iron  lifting  rings. 

Calking. — All  seams  in  bottom,  gunwales,  transoms,  and  deck  shall  be 
calked  with  three  threads  of  best  oakum,  each  thread  well  driven.  All  seams  below 
the  water  line  shall  be  payed  with  white  lead  and  filled  with  a  good  grade  of 
Portland  cement  troweled  down  smooth.  The  deck  and  all  other  seams  above 
water  line  shall  be  payed  over  oakum  with  a  good  grade  of  pitch. 

House. — A  house  i6'X3o'6"  shall  be  built  substantially  as  shown  on  the 
drawings.  The  coaming  shall  be  6"x6"  shaped  to  suit  deck,  the  studding 
4"X4"  spaced  about  3'  centers  or  to  conform  to  doors  and  windows,  and  mor- 
tised into  coaming.  The  plate  shall  be  4"X6"  and  the  nailing  strips,  a"X4"- 
All  limbers  shall  be  well  framed  and  nailed  as  directed.  There  shall  be  one 
i"  tie-rod  at  each  comer  and  two  on  each  side,  running  through  the  carlins  and 
deck  beams  or  filling  timbers.  The  carlina  shall  be  3"Xi3"  spaced  3'  centers 
and  sawed  with  a  6"  camber.  They  shall  be  bolted  at  each  end  into  the  plate 
by  a  i"  carriage  bolt. 

The  cariins  shall  be  covered  with  ii"x6"  T.  &  G.  material,  nailed  at  every 
crossing,  over  which  shall  be  laid  aihwartship,  in  paint,  No.  s,  21"  cotton  duck. 
Laps  shal!  be  fastened  with  double  pointed  galvanized  tacks  driven  diagonally. 
A  water  course  shall  be  run  as  shown,  leading  water  into  lead  and  galvanized 
iron  scupper  pipes  one  located  at  each  comer.  The  siding  shall  be  il"x6"T.  &.G 
material  run  vertically  and  nailed  at  every  crossing  with  8d.  wire  nails. 

The  after  end  shall  be  provided  with  a  16-oz.  canvas  hood,  hung  by  brass 
hooks  and  eyes,  made  so  as  to  fasten  down  and  cover  all  parts  of  the  engine 
outside  of  the  house. 

The  doors  shall  be  constructed  as  shown,  the  side  and  forward  end  doors 
hung  on  Richards  No.  28,  or  equal,  hangers  and  track,  and  the  after  end  doors 
hung  on  Richards  No.  235,  size  i,  or  equal,  swivel  trolley  hangers  and  track. 
The  doors  shall  be  fitted  with  heavy  hasps  and  staples  arranged  for  padlocks. 
All  windows  shall  have  li"  sash  glazed  with  26-oz.  crystal  glass.  They  shall 
be  fitted  to  drop  into  ceiled  pockets  in  the  usual  manner. 

A  work  bench  shall  be  constructed  in  a  substantial  manner  of  the  dimensions 
shown.  It  shall  have  drawers  and  doors  arranged  as  directed.  A  suitable  tool 
board  shall  be  installed  on  the  wall  near  the  bench. 

Gin  Sills. — There  shall  be  two  longitudinal  gin  sills  each  i2"xia"X5o' 
long  with  drift-bolts  every  two  feel  emending  at  least  16"  into  solid  bulkheads. 
In  addition  there  shall  be  two  }"  bolts  at  each  end  and  two  at  the  back  brace 
connections  with  nuts  in  pockets  in  the  bulkheads.    The  machinery  tounda- 
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tion  bolts  shall  be  arranged  in  the  same  manner.  There  shall  be  one  cross  sill 
i2"Xii"  in  three  lengths,  fitted  into  longitudinal  sills  and  corner  stanchions, 
weQ  drift-bolted  and  through  bolted  into  transom,  stanchions,  and  silk  by  }" 
bolts. 

Gins. — The  gin  timbers  shall  be  8i"Xia"  by  approximately  66'  long,  in 
one  length.  E^h  shall  be  notched  into  the  sill  timber  as  shown,  and  bolted  by 
five  ]"  carriage  bolts  at  the  bottom  and  at  the  top  as  shown  in  detail  in  Fig.  44. 
Each  gin  shall  be  beveled  to  fit  and  be  faced  with  an  8"Xii.2S  lb.  channel  iron, 
fastened  with  i"  countersunk  head-bolts  spaced  i'  centers  staggered.  The  lower 
part  of  channels  shall  be  In  one  length  at  least  55'  long,  the  splice  to  the  upper 
part  being  made  with  a  |"X7"  plate,  well  riveted. 

Back  Braces. — There  shall  be  two  back  braces  each  $"y.i2".  Each  brace 
shall  have  the  lower  end  through  bolted  into  sill  timber  by  five  j"  bolts  and  the 
upper  end  framed  and  fastened  as  shown  in  detail  in  Fig.  44.  The  two  braces 
shall  be  joined  together  by  3"  X6"  material,  spaced  1 5"  centers,  forming  a  ladder. 
Each  piece  shall  be  fastened  by  four  4"Xi"  ship  spikes. 

Side  Braces.— There  shall  be  two  side  braces  each  8"Xia"  framed  at  top 
and  bottom  as  shown,  and  bolted  at  each  end  by  five  J"  carriage  bolts.  They 
shall  be  joined  together  and  to  the  loft  timbere  by  six  timbers  shaped  as  shown. 
These  timbers  shall  be  boiled  at  each  end  and  crossing  by  two  ("  carriage  bolts. 

Loft  Timbers.— There  shall  be  fourteen  4"Xio"  and  twelve  4"X6"  loft 
limbers  ^Tranged  as  shown.  They  shall  be  well  fitted  into  gins,  back  braces, 
and  side  braces  and  fastened  with  two  f"  carriage  bolts  at  each  end.  In  addi- 
tion each  pair  of  4"xio"  timbers  shall  be  tied  together  at  the  gin  ends  by  a 
}"  rod  with  nuts  on  each  end.  A  choking  device  with  the  necessary  sheaves 
shall  be  fitted  at  the  top  iolt. 

Decking. — Each  loft  shall  be  completely  decked  over,  except  for  a  space 
for  hose  sheave  and  counterweight,  with  ii"x8"  material  laid  with  one-inch 
places,  well  nailed  with  i6d.  wire  nails.  The  space  between  longitudinal  sills 
from  gins  to  boiler  and  a  working  platform  around  engine  shall  be  decked  with 
3"  material  properly  supported  and  fastened  with  2od.  wire  nails. 

Diagonal  Braces.— The  diagonal  braces  shall  be  4"xio"  and  6"x8" 
arranged  as  shown.  They  shall  be  well  fitted  to  gins  and  braces  and  secured  at 
each  end  by  two  \"  carriage  bolts. 

Head  Block. — The  arrangement  of  the  head  block  timbers,  sheaves  and 
bearings  shall  be  as  shown  in  detail  in  Fig.  48.  The  timbers  shall  be  well  fitted 
and  securely  bolted.  The  sheaves  shall  be  cast  steel  with  turned  groove  and  pins. 
The  pile  sheave  pin  shall  have  a  hole  drilled  in  each  end  and  connect  with  each 
sheave  bearing,  and  be  fitted  with  two  compression  grease  cups,  Lukenheimer 
Ideal  No.  3,  or  equal.  This  sheave  pin  shall  be  held  in  place  by  a  taper  pin  in 
each  bearing.  The  hammer  line  sheave  shall  have  the  pin  pressed  in  and  pinned. 
The  bearings  shall  be  lined  with  genuine  babbitt,  bored  true,  channeled  for  oil 
and  each  shall  be  fitted  with  an  automatic  grease  cup,  Lukenheimer  Ideal  No. 
3,  or  equal. 

Hahuer  and  Rope.— The  hammer  shall  be  cast  iron,  weighing  3S00  pounds, 
and  shall  be  in  accordance  with  detail  drawing  furnished.  The  hammer  line 
and  pile  lines  will  be  furnished  by  the  United  States. 

Hose  Sheave  and  Fittings.— The  hose  sheave,  holder,  guides,  etc.,  shall 
be  made  complete  as  shown  in  detail  and  assembled  as  shown.  The  sheaves 
shall  be  cast  iron  and  have  turned  grooves  and  pins,  all  fitted  up  in  firet-class 
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manner.  Oil  holes  shall  be  provided  where  required.  The  cast-iron  counter- 
weight shall  be  made  in  sections  and  shall  be  at  least  lOO  pounds  heavier  than 
the  assembled  sheave  holder,  sheave,  and  hose  full  of  water.  It  shall  connect 
to  the  sheave  holder  by  a  }"  pliable  steel  cable.  65'  of  2^"  double-jacket  rubber- 
lined  fire  hose  shall  be  furnished  and  connected  to  the  water  piping  and  both  ends 
shall  have  hose  couplings. 

Oil  Tanks. — There  shall  be  two  oil  tanks,  each  3'  8"  in  diameter  by  16' 
long,  built  of  A"  tank  steel  with  burnped  heads.  They  shall  be  tested  lor  tight- 
ness by  a  hydrostatic  pressure  of  jo  pounds.  They  shall  be  supported  in  saddles 
as  shown  and  be  held  down  by  lugs,  and  screw  bolts.  Each  tank  shall  have  pressed 
steel  flanges  for  filling  pipe,  sounding  pipe,  suction  pipe,  and  drain  plug. 

Are  Receives. — The  air  receiver  shall  be  3'  6"  in  diameter  by  10'  long,  sup- 
ported in  saddles  and  held  do\vn  by  lugs  and  screw  bolts  in  the  location  shown. 
TheshellshalIbeA"flangesteelandthebumpedheads  |",well  rivetedas  required. 
It  shall  be  tested  by  a  hydrostatic  pressure  of  225  pounds  per  square  inch.  Pressed 
steel  flanges  shall  be  provided  for  inlet,  outlet  and  drain  plug- 

Encine. — The  engine  shall  be  an  American  Hoist  &  Derrick  Company,  or 
equal,  6i"Xio"  double-cylinder  engine  with  two  drums  and  four  dutch  winch 
heads.  It  shall  be  built  for  a  working  steam  pressure  of  135  pounds  per  square 
inch.  Each  drum  shall  be  14"  diameter  and  27"  long  between  flanges.  The 
upper  drum  shall  be  lagged  to  a  diameter  of  18"  for  the  hammer  line.  The 
width  between  foundation  bolts  shall  be  approximately  4'.  The  engine  shall 
be  complete  with  throttle  valve,  lubricator,  and  efficient  means  for  lubricating 
all  bearings. 

Steau  Capstan.— A  single-barrel  steam  capstan,  American  Ship  Windlass 
Company,  or  equal,  shall  be  installed  in  the  location  shown.  Each  steam  cylin- 
der shall  be  s"X7"  and  the  barrel  loi"  in  diameter.  Additional  timbers  shall 
be  installed  as  found  necessary  in  order  to  securely  fasten  it  in  place, 

BoiLER.^The  boiler  shall  be  40  h.p.,  portable  locomotive  type,  with  steam 
dome,  water  bottom  and  water  front.  It  shall  be  built  for  a  working  pressure 
of  125  pounds  per  square  inch  and  subjected  to  the  Hartford  Boiler  Insurance 
Company  inspection  under  hydrostatic  pressure  of  igo  pounds.  The  boiler 
shall  be  about  16'  long  and  42"  diameter  of  shell.  The  design  and  make  shall  be 
approved  by  the  contracting  officer  before  installation. 

The  boiler  shall  be  equipped  with  the  following  fittings:  smoke  stack  built 
of  16  gage  steel,  with  steel  hood  and  housing  at  upper  deck  and  four  guy  wires; 
twosetsof  grate  bars  for  burning  wood;  a  Giafke,  or  equal,  oil  burner  with  heater; 
a  1"  Metropolitan,  or  equal,  automatic  injector;  Crosby  pop  safety  valve;  3" 
chime  bell  whistle,  3  gage  cocks  into  shell;  water  column  and  gage;  steam  gage 
with  syphon  and  cock;  3  feet  valves;  2  feed  check  valves;  i  blowofl  cock. 

Pt™p3.— There  shall  be  a  3"X3"X3"  duplex-boiler  feed  pump  Worthing- 
ton,  or  equal.  The  pump  shall  have  Tobin  bronze  piston  rods,  composition- 
lined  cylinders  and  composition  valves.  It  shall  be  properly  supported  as 
directed  and  be  connected  as  specified  under  piping. 

The  jet  pump  shall  be  a  io"x6"Xio"  Worthington,  or  equal,  outside  center- 
packed  plunger  pump  having  Tobin  bronze  piston  rods,  and  composition  plun- 
gers with  composition  bushed  plunger  stuffing  boxes.  The  steam  pipe  shall  be 
fitted  with  a  suitable  sight-feed  lubricator  of  approved  design  and  the  discharge 
shall  have  a  6"  dial  pressure  gage.  This  pump  shall  be  supported  on  i3"xi3" 
timbers  and  be  securely  fastened  to  them.  The  pipe  connections  shall  be  as 
specified  under  piping. 
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Ant  CoifPSESSOR. — ^A  Westinghouse,  or  equal,  standard  ii"  steam-driven, 
water-cooled,  air  compressor  shall  be  installed  in  the  location  shown,  supported 
by  two  4"  K6"  timbers  framed  into  the  house  coaming  and  plate.  The  compressor 
shall  be  complete  with  governor,  4"  pressure  gage,  and  sight-feed  lubricator. 

A  50-gaUon  galvanized-iron  cooling  tank  shall  be  installed  near  the  compress^ 
and  connected  to  it  and  to  the  feed  pump  discharge  line. 

AiH  Piping. — The  air  compressor  shall  be  connected  to  the  receiver  by  ij'' 
pipe  with  a  ij"  globe  valve  and  a  pop  safety  valve  in  a  convenient  location. 
A  ij"  globe  valve  shall  be  placed  at  the  receiver  outlet  from  which  a  iJ"  pipe 
shall  lead  to  the  back  braces  where  it  shall  pass  through  the  deck  and  connect 
with  two  J"  globe  valves  and  a  i"  pipe.  This  pipe  shall  lead  to  the  fourth  loft, 
with  a  plugged  "  T  "  at  each  loft,  and  terminate  in  two  I"  globe  valves. 

On.  Piping. — Each  oil  tank  shall  have  a  li"  combined  sounding  and  vent 
pipe  placed  as  directed.  They  shall  have  2\"  filling  pipes  leading  into  a  "  T," 
connecting  with  a  3"  filling  stand  in  the  deck,  which  shall  have  a.  compositioD 
cover  and  hose  connection.  Each  tank  shall  have  a  iJ"  suction  pipe  leading 
in  from  the  top  and  terminating  in  a  i^"  gate  valve  near  the  boiler;  from  these 
valves  connection  shall  be  made  to  the  burner. 

Water  Piping, — ^The  sea  chest  will  be  of  steel  pipe,  furnished  by  the  United 
States.  It  shall  be  secured  in  place  by  eight  Tountersunk  head  bolts  through 
8"  filling  timbers,  placed  as  directed,  and  the  hull  shall  be  made  water-light 
around  it.    Alt  water  piping  shall  be  galvanized. 

The  jet-pump  suction  shall  have  four  sefiarate  suctions,  made  independent 
by  using  three  5"  flanged  cross  valves,  one  5"  screwed  angle  valve  and  one  5" 
^nged  "  T,"  made  up  with  5"  pipe  as  directed.  One  suction  shall  have  a  5" 
foot  valve  and  strainer  and  shall  lead  into  the  sea  chest.  The  other  three  shall 
lead  one  into  each  bilge  compartment.  The  discharge  shall  be  in  two  branches, 
a  4"  branch  with  angle  valve  leading  into  sea  chest,  and  a  3"  branch  leading  aft 
as  shown,  with  two  3"  gate  valves  placed  as  directed.  The  valves,  fittings,  etc., 
in  the  discharge  pipe  line  shall  be  suitable  for  a  working  pressure  of  175  pounds 
per  square  inch. 

The  feed  pump  and  injector  shall  each  have  a  ij"  suction,  with  foot  valve 
and  strainer,  from  the  sea  chest  and  an  independent  discharge  through  feed 
heater  to  boiler.  A  Harrisburg  No.  10,  or  equal,  copper-coil  feed-water  heater 
shall  be  installed  in  the  location  shown.  It  shall  be  connected  so  as  to  use 
exhaust  steam  for  heating.    The  drain  shall  be  led  overboard. 

Steau  Piping. — The  steam  pipe  to  the  engine  shall  be  aj"  standard  black 
pipe  with  a  ^i"  globe  valve  near  the  boiler.  The  pipe  to  the  jet  pump  shall  be 
2"  with  a  2"  globe  valve  near  the  pump.  The  feed  pump  shall  have  a  i"  globe 
valve  and  be  connected  to  the  same  pipe  as  the  injector.  A  continuation  of  this 
pipe  shall  lead  to  the  steam  capstan  which  shall  have  a  globe  valve  with  stem 
extended  through  the  deck  in  a  convenient  location.  Three  bilge  syphons  shall 
be  installed,  one  in  each  compartment  aft,  discharging  overboard. 

The  engine  exhaust  shall  be  3"  black  iron  pipe  from  the  engine  to  a.  3"  X4"X3" 
"  T  "  connecting  with  the  jet-jump  exhaust,  which  shall  also  be  3"  pipe,  and  shall 
be  led  under  false  deck  between  gin  sills.  From  the  "  T  "  a  4"  black  iron  pipe 
shall  lead  to  the  feed-water  heater  and  from  the  heater  it  shall  join  the  safety 
valve  exhaust  and  project  3'  above  upper  deck.  It  shall  be  properly  flashed 
where  passing  through  upper  deck.  The  feed  pump,  and  steam  capstan  exhausts 
shall  lead  into  the  4"  pipe  before  it  enters  the  heater.    All  steam  piping  shall 
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be  tested  by  a  hydrostatic  pressure  of  190  pounds  per  square  inch.  Where  prac- 
ticable long-radius  fittings  shall  be  used  in  steam  piping. 

After  the  boiler  has  been  painted  it  shall  be  covered  with  asbestos  and  mag- 
nesia brieks  li"  thick  wired  in  place  and  crevices  smoothly  troweled  with  plastic 
magnesia  covering.  The  surface  shail  be  smoothly  glazed  and  canvased  in  an 
approved  manner.  After  testing,  steam  pipes,  steam  cylinders,  and  heater  shall 
be  covered  with  sectional  magnesia  pipe  covering  jacketed  with  canvas  and 
secured  with  brass  bands. 

Cleats. — There  shall  be  four  43"  cast-iron  cleats  located  as  directed.  Each 
cleat  shall  be  set  on  a  i2"X36"Xi"  steel  plate,  and  shall  be  secured  by  two  1" 
bolts  passing  through  plate,  deck,  and  an  8"  channel-iron  bearing  under  two 
deck  beams. 

Chocks. — There  shall  be  four  roller  chocks  located  as  shown.  Each  sheave 
shall  be  6"  diameter  held  between  two  plates,  the  lower  one  \i"  wide  with  out- 
board edge  turned  over  edge  of  timber;  the  top  piate  shall  be  8"  wide.  Both 
plates  shall  be  well  bolted  together  and  into  sills  and  transoms. 

Gypseys. — There  shall  be  one  ratchet  gypsey  windlass,  "  Providence  "  size 
C,  or  equal,  well  secured  in  the  location  shown.  The  length  of  shaft  shall  be  as 
shown.  There  shall  be  two  "  Providence  "  size  C,  or  equal,  ratchet  gypsey  half 
windlasses,  well  fastened  in  the  locations  shown. 

Salt  Pockets  and  Salt. — Salt  pockets  shall  be  constructed  on  the  inside  of 
each  gunwale  by  nailing  i"x8"  material  to  the  damp  stringers  between  the  deck 
beams.  Pockets  shall  be  formed  on  each  side  of  each  solid  bulkhead  by  beveling 
the  edges  of  a"  XS"  material  so  that  it  stands  at  an  angle  of  about  30  degrees  from 
the  bulkhead,  being  nailed  on  the  top  edge  to  the  under  side  of  deck  beams  and 
on  the  bottom  edge  to  the  bulkhead.  All  salt  pockets  shall  be  filled  with  half- 
ground  rock  salt. 

Painting. — All  joints  in  gunwales,  bulkheads  and  transoms  shall  be  coated 
with  boiled  linseed  oil  applied  at  or  about  boiling  temperature  just  before  they  are 
made  up.  .\1I  Limber  ends  shall  receive  a  coat  of  boiled  linseed  oil  at  boiling 
temperature  before  being  covered,  the  posts  and  cross  bracing  ends  in  trussed 
stringers  being  dipped  in  boiling  oil. 

The  entire  bottom,  sides  and  ends  up  to  a  22"  water  line  shall  be  painted 
with  two  coats  of  Woolsey's  or  equal,  copper  paint,  the  last  coat  applied  just 
before  launching.  The  entire  hull,  except  deck,  above  the  water  line,  bouse, 
etc.,  shall  receive  three  coats  of  pure  white  lead  and  boiled  linseed  oil,  the  last 
coat  tinted  to  a  light  lead  color. 

The  boiler,  unfinished  parts  of  engine,  pumps,  steam  capstan,  piping  and 
all  other  iron  work  shall  receive  two  coats  of  red  lead  and  boiled  linseed  oil,  the 
second  coat  tinted  as  directed.  The  smoke  stack  shall  receive  two  coats  of 
asphaltum  paint. 
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tJNITED   STATES   GOVERNMENT  SPECIFICATIONS  59C1 
FOR  PORTLAND   CEMENT* 

Definition 

(i)  The  cement  shall  be  the  product  obtained  by  finely  pulverizbg  clinker 
produced  by  calcining  to  incipient  fusion  an  intimate  mixture  of  properly  pro- 
porttoDcd  argillaceous  and  calcareous  substances,  with  only  such  additions  sub- 
sequent to  calcination  as  may  be  necessary  to  control  certain  properties.  Such 
additions  shall  not  exceed  3  per  cent  by  weight  of  the' calcined  product. 

CoifPOsmoN 

(2)  In  the  finished  cement,  the  following  limits  shall  not  be  exceeded: 

PerCmt. 

Loss  on  ignition  for  15  minutes 4 

Insoluble  residue i 

Sulphuric  anhydride  (SOi) 1.75 

Magnesia  (MgO) 4. 

Specific  Gravity 

(3)  The  specific  gravity  of  the  cement  shall  be  not  less  than  3.10.  Should 
the  cement  as  received  fall  below  this  requirement,  a  second  test  may  be  made 
upon  a  sample  heated  for  thirty  minutes  at  a  very  duU  red  heat. 


(4)  Ninety-two  per  cent,  of  the  cement,  by  weight,  shall  pass  through  the 
No.  100  sieve,  and  75  per  cent,  shall  pass  through  the  No.  loo  aeve. 

SOttNDNBSS 

(5)  Pats  of  neat  cement  prepared  and  treated  as  hereinafter  prescribed  shall 
remain  firm  and  hard,  and  show  no  sign  of  distortion,  checking,  cracking,  or 
disintegrating.    If  the  cement  fails  to  meet  the  prescribed  steaRiing  test,  the 

•  (Prtparsl  by  depart m»atal  conference  Febmiry  13.  Ion;  Bdapted  by  the  Navy  Defwitmeot 
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cemoit  may  be  rejected  or  the  steamjiig  test  repeated  after  7  or  more  days,  at 
the  option  of  the  engiaeei. 

TiiiE  OP  Setting 

(6)  The  cement  shall  not  acquire  its  initial  set  in  less  than  forty-five  minutes, 
and  must  have  aquired  its  final  set  within  ten  hours. 

Tensile  Stencth 

(7)  Briquettes  made  of  neat  cement,  after  being  kept  in  moist  air  for  twenty- 
four  hours  and  the  rest  of  the  time  in  water,  shall  develop  tensile  strength  per 
square  inch  as  follows: 

PouDdi. 

After  7  days 500 

After  a8  days 600 

(8)  Briquettes  made  of  i  part  cement  and  3  parts  standard  Ottawa  sand, 
by  weight,  shall  develop  tensile  strength  per  square  inch  as  follows: 

After  7  days aoo 

After  33  days 275 

(g)  The  average  of  the  tensile  strengths  developed  at  each  age  by  the  briquettes 

in  any  set  made  from  one  sample  is  to  be  considered  the  strength  of  the  sample 

at  that  age,  excluding  any  results  that  are  manifestly  faulty. 

(10)  The  average  strength  of  the  sand  mortar  briquettes  at  twenty-eight  days 
shall  show  an  increase  over  the  average  strength  at  seven  days. 

Brand 

(11)  Bids  for  furnishing  cement  or  for  doing  work  in  which  cement  ia  to  be 
used  shall  state  the  brand  of  cement  proposed  to  be  furnished  and  the  mill  at 
which  made.  The  right  is  reserved  to  reject  any  cement  which  has  not  estabUshed 
itself  as  a  high-grade  Portland  cement,  and  has  not  been  made  by  the  same  mill 
for  two  years  and  given  satisfaction  in  use  for  at  least  one  year  under  climatic 
and  other  conditions  at  least  equal  in  severity  to  those  of  the  work  prc^>osed. 

Packages 

(la)  The  cement  shall  be  delivered  in  sacks,  barrels,  or  other  suitable  pack- 
ages (to  be  specified  by  (he  engineer),  and  shall  be  dry  and  free  from  lumps. 
Each  package  shall  be  plainly  labeled  with  the  name  of  the  brand  and  of  the 
manufacturer. 

(13)  A  sack  of  cement  shall  contain  94  pounds,  net.  A  barrel  shall  contain 
376  pounds,  net.  Any  package  that  is  ^ort  weight  or  broken  or  that  contains 
damaged  cement  may  be  rejected,  or  accepted  as  a  fractional  package  at  the 
option  of  the  engineer. 

Insfection 

(14)  The  cement  shall  be  tested  in  accordance  with  the  standard  methods 
hereinafter  prescribed.     In  general  the  cement  will  be  inspected  and  tested  after 
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delivery,  but  partial  or  complete  inspection  at  the  mill  may  be  called  for  in  the 
specifications  or  contract.  Tests  may  be  made  to  determine  the  chemical  com- 
position, specific  gravity,  fineness,  soundness,  time  of  setting,  and  tensile  strength, 
and  a  cement  may  be  rejected  in  case  it  fails  to  meet  any  of  the  specified  require- 
ments. An  agent  of  the  contractor  may  be  present  at  the  making  of  the  tests 
or  they  may  be  repeated  in  his  presence. 

(15)  In  case  of  the  failure  of  any  of  the  tests,  and  if  the  contractor  so  desires, 
the  engineer  may,  if  he  deems  it  to  the  interest  of  the  United  States,  have  any  or 
all  of  the  tests  made  or  repeated  by  the  Bureau  of  Standards,  United  States 
Department  of  Commerce  and  I-abor,  in  the  manner  hereinafter  specified,  all 
expenses  of  such  tests  to  be  paid  by  the  contractor.  All  such  tests  shall  be  made 
on  samples  furnished  by  the  engineer. 

Standard  Methods  of  Testing — Sampling 

(16)  The  selection  of  the  samples  for  testing  will  be  left  to  the  en^eer. 
The  number  of  packages  sampled  and  the  quantity  to  be  taken  from  each  package 
will  depend  on  the  importance  of  the  work,  the  number  of  tests  to  be  made,  and 
the  facihties  for  making  them. 

(17)  The  samples  should  be  so  taken  as  to  represent  fairly  the  material,  and, 
where  conditions  permit,  at  least  i  barrel  in  every  50  should  be  sampled.  Before 
tests  are  made,  samples  shall  be  passed  through  a  sieve  having  20  meshes  per 
linear  inch  to  remove  foreign  material.  Samples  shall  be  tested  separately  for 
physical  qualities,  but  for  chemical  analysis  mixed  samples  may  be  used.  Eveij- 
sample  should  be  tested  for  soundness,  but  the  nimibcr  of  tests  for  other  qualities 
will  be  left  to  the  discretion  of  the  engineer. 

Cheuical  Analysis 

(18)  The  method  to  be  followed  for  the  analysis  of  cement  shall  be  that 
proposed  by  the  committee  on  uniformity  in  the  analysis  of  materials  for  the 
Portland  cement  industry,  reported  in  the  Journal  oj  the  Socitty  for  Chemical 
Industry  (Vol,  si,  p.  12,  190a),  and  published  in  Engineering  News  (Vol.  50,  p. 
60,  1903),  and  in  the  Engineering  Record  (Vol.  48,  p.  49,  1903). 

(19)  The  insoluble  residue  shall  be  determined  on  a  i-gram  sample  which 
is  digested  on  the  steam  bath  in  hydrochloric  acid  of  approximately  1.035  specific 
gravity  until  the  cement  is  dissolved.  The  residue  is  filtered,  washed  with  hot 
water,  and  the  filter  paper  and  contents  digested  on  the  steam  bath  in  a  5  per 
cent,  solution  of  sodium  carbonate.  The  residue  is  then  filtered,  washed  with 
hot  water,  then  with  hot  hydrochloric  acid  approximately  of  1.035  specific  gravity, 
and  finally  with  hot  water,  then  ignited  and  weighed.  The  quantity  so  obtained 
is  the  insoluble  residue. 

Determination  of  Specific  Gravity 

(ao)  The  determination  of  specific  gravity  may  be  made  with  a  standardised 
apparatus  of  Le  Chalelier  or  other  equally  accurate  form.  Benzine  (62°  Baume 
naphtha),  or  kerosene  free  from  water,  should  be  used  in  making  the  detemins- 
tion.  The  cement  should  be  allowed  to  pass  slowly  into  the  liquid  of  the  volumen- 
ometer, taking  care  that  the  powder  does  not  adhere  to  the  sides  of  the  graduated 
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tube  above  the  liquid,  and  that  the  funnel  through  which  it  is  introduced  does 
not  touch  the  liquid.  The  temperature  of  the  liquid  in  the  flask  should  not  vary 
more  than  i°  F.  during  the  operation.  To  this  end  the  flask  should  be  immersed 
in  water.    The  results  of  repeated  tests  should  agree  within  o.oi. 

(21)  If  the  speciiic  gravity  of  the  cement  as  received  is  less  than  3.10,  a 
redetermination  may  be  made  as  foUows:  Seventy  grams  of  the  cement  are  placed 
in  a  nickel  or  platinum  crucible  about  2  inches  in  diameter  and  heated  for  thirty 
minutes  at  a  temperature  between  419°  C.  and  630°  C.  After  the  cement  has 
cooled  to  atmospheric  temperature  the  specific  gravity  shall  be  determined  in 
the  same  manner  as  described  above.  The  cement  should  be  heated  in  a  muffle  or 
other  suitable  furnace,  the  temperature  of  which  is  to  be  maintained  above 
the  meltiog-point  of  zinc  {419°  C),  but  below  the  melting-point  of  antimony 
(630°  C).  This  maximum  temperature  can  be  recognized  as  a  very  dull  red 
which  is  just  discernible  ia  the  dark. 


Determination  of  Fineness 

(33)  The  Nos.  100  and  100  sieves  shall  conform  to  the  standard  sieve  q^edfica- 
tions  of  the  Bureau  of  Standards,  Department  of  Commerce  and  Labor. 

(23)  The  determination  of  fineness  should  be  made  on  a  so-gram  sample 
which  may  be  dried  at  a  temperature  of  100"  C.  (112°  F.)  prior  to  sifting.  The 
coarsely  screened  sample  should  be  weighed  and  placed  on  the  No.  200  sieve, 
which,  with  the  pan  and  cover  attached,  should  be  held  in  one  hand  in  a  slightly 
inclined  position,  and  moved  forward  and  backward  in  the  plane  of  inclination,  at 
the  same  time  striking  the  side  gently  about  200  times  per  minute  against  the 
palm  of  the  other  hand  on  the  upstroke.  The  operation  is  to  be  continued  until 
not  more  than  0.05  gram  will  pass  through  in  one  minute.  The  residue  should 
be  weighed,  then  placed  on  the  No.  100  sieve  and  the  operation  repeated.  The 
sieves  should  be  thoroughly  clean  and  dry.  Determination  of  fineness  may  be 
made  by  washing  the  cement  through  the  sieve  or  by  a  mechanical  sifting  device 
which  has  been  previously  standardized  with  the  results  obtained  by  hand  sift- 
ing on  equivalent  samples.  In  case  of  the  failure  of  the  cement  to  pass  the  fine- 
ness requirements  by  the  washing  method  or  the  mechanical  device,  it  shall  be 
tested  by  hand. 


Mixing  Ceuent  Pastes  and  Mortabs 

(34)  The  quantity  of  cement  or  cement  and  sand  to  be  used  in  the  paste 
or  mortar  should  be  expressed  in  grams  and  the  quantity  of  water  in  cubic 
centimeters.  The  material  should  be  weighed,  placed  upon  a  non-absorbent 
surface,  thoroughly  mixed  dry  if  sand  be  used,  and  a  crater  formed  in  the  center, 
into  which  the  proper  percentage  of  clean  water  should  be  poured;  the  material 
on  the  outer  edge  should  be  turned  into  the  crater  by  the  aid  of  a  trowel.  As 
soon  as  the  water  has  been  absorbed,  the  operation  should  be  completed  by  vig- 
orously mixing  with  the  hands  for  one  minute  and  a  half.  During  the  opera- 
tion of  mixing,  the  hands  should  be  protected  by  rubber  gloves.  The  tem- 
perature of  the  room  and  the  mixing  water  should  be  maintained  as  nearly  as 
practicable  at  n°  C.  (70°  F.). 
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DETEKUINATtON  OF  NORUAL  CONSISTENCY 

(35)  The  normal  consistency  for  neat  paste  to  be  used  in  malung  brquettes 
and  pats  should  be  determined  by  the  ball  method,  as  follows: 

(36)  A  quantity  of  cement  paste  should  be  mixed  in  the  manner  above 
described  under  Mixing  Cement  Pastes  and  Mortars,  and  quickly  formed  into 
a  ball  about  i  inchea  in  diameter.  The  ball  should  then  be  dropped  upon  a  hard, 
smooth,  and  flat  surface  from  a  height  of  3  feet.  The  paste  is  of  normal  con- 
sistency when  the  ball  does  not  crack  and  does  not  flatten  more  than  one-half  of 
its  original  diameter. 

(37)  Trial  pastes  should  be  made  with  varying  percentages  of  water  until 
the  correct  consistency  is  obtained. 

(38)  The  percentage  of  water  to  be  used  in  mixing  mortars  for  sand  briquettes 
is  given  by  the  formula: 


y-i- 


-+K, 


in  which  y  is  the  percentage  of  water  required  for  the  sand  mortar;  P  b  the 
percentage  of  water  required  for  neat  cement  paste  of  noimal  consistency;  n 
is  the  number  of  parts  of  sand  to  one  of  cement  by  weight;  and  K  ia&  constant 
which  for  standard  Ottawa  sand  has  the  value  6.5. 

The  percentage  of  water  to  be  used  for  mortars  containing  three  parts  standard 
Ottawa  sand  by  weight  to  one  of  cement  is  indicated  in  the  following  table: 


Waterfor 

'  dT  Stunds'" 
OtUwa  Sand. 

18 

>9 

36 

a? 
18 
>9 

9-5 
98 

10-3 
10. s 

10,7 
10.8 

".3 

Determination  or  Soi;ndness 

(39)  Pats  made  of  neat  cement  paste  of  normal  consistency  about  3  inches 
in  diameter,  j  Inch  in  thickness  at  the  center,  and  tapering  to  a  thin  edge,  should 
be  kept  in  moist  air  for  a  period  of  twenty-four  hours.  One  pat  should  then  be 
kept  in  air  and  a  second  in  water,  at  the  ordinary  temperature  of  the  laboratory, 
not  to  vary  greatly  from  11°  C.  (70°  F.),  and  both  observed  at  intervals  for  at 
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least  18  days.     A  third  pat  should  be  exposed  to  steam  at  atmo^heric  pressure 
above  boiling  water  ior  five  hours. 

Deierhinaiion  of  Time  oj  Setting 

(30)  The  time  of  setting  should  be  determined  by  the  standardized  Gilmore 
needles,  as  follows: 

A  pat  of  neat  cement  paste  about  3  inches  in  diameter  and  )  inch  in  thick- 
ness with  fiat  top  mixed  at  noimal  consistency  should  be  kept  in  mobt  air,  at  a 
temperature  maintained  as  nearly  as  practicable  at  11°  C.  {70°  F.).  The  cement 
is  considered  to  have  acquired  its  initial  set  when  the  pat  will  bear,  without  appre- 
ciable indentation,  a  needle  -fj  inch  in  diameter  loaded  to  weigh  J  pound.  The 
final  set  has  been  acquired  when  the  pat  will  bear  without  appreciable  indentation, 
a  needle  fy  inch  in  diameter,  loaded  to  weigh  i  pound.  In  making  the  test  the 
needle  should  be  held  in  a  vertical  position  and  applied  lightly  to  the  surface  of 
the  pat.  The  pats  made  for  soundness  test  may  be  used  to  determine  the  time 
of  setting. 

Tensile  Tests 

(31)  Tensile  tests  should  be  made  on  an  approved  machine.  The  test  pieces 
shall  be  briquettes  of  the  form  recommended  by  the  committee  on  uniform  tests 
of  cement  of  the  American  Society  of  Civil  Engineers,  and  illustrated  in  Circular 
3j  of  the  Bureau  of  Standards.  The  briquettes  shall  be  made  of  paste  or  mortar 
of  normal  consistency.  Immediately  after  mixing,  the  paste  or  mortar  should 
be  placed  in  the  molds,  pressed  in  firmly  by  the  fingers,  and  smoothed  off  with 
a  trowel  without  mechanical  ramming.  The  material  should  be  heaped  above 
the  mold,  and  in  smoothing  off,  the  trowel  should  be  drawn  over  the  mold  in  such 
a  manner  as  to  exert  a  moderate  pressure  on  the  material.  The  molds  should  be 
turned  over  and  the  operation  of  heaping  and  smoothing  repeated.  Not  less 
than  three  briquettes  should  be  made  and  tested  for  each  sample  for  each  period 
of  test.  The  neat  tests  are  not  considered  so  important  as  the  sand  tests.  The 
briquettes  should  be  broken  as  soon  as  they  are  removed  from  the  water.  The 
load  should  be  applied  at  the  rate  of  600  pounds  per  minute. 

Storage  of  Test  Pieces 

(32)  During  the  first  twenty-four  hours  after  molding  the  test  pieces  should 
be  kept  in  air  sufficiently  moist  to  prevent  them  from  drying.  After  tweuty- 
four  hours  in  moist  air  the  test  pieces  should  be  immersed  in  water.  The  air 
and  water  should  be  maintained  as  nearly  as  practicable  at  ai"  C.  (70°  F.). 

Standard  Sand 

(33)  T^^  s>id  to  be  used  shall  be  natural  sand  from  Ottawa,  Dl.,  screened  to 
pass  a  No,  jo  sieve  and  retained  on  a  No.  30  sieve. 

(34)  Sand  having  passed  the  No.  20  sieve  shall  be  considered  standard  when 
not  more  than  2  grams  pass  the  No.  30  sieve  after  one  minute  continuous  sift- 
ing of  a  loo-gram  sample. 
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(35)  The  No.  20  and  No.  30  sieves  shall  confonn  to  the  standard  sieve  specifica- 
tions of  the  Bureau  of  Standards,  Department  of  Commerce  and  Labor, 

Copies  of  the  above  specifications  can  be  obtained  upon  application  to  the 
various  navy  pay  officers  or  to  the  Bureau  of  Supplies  and  Accounts.  Navy 
Department,  Washington,  D.  C- 

Rcferences:  Y.  and  D.,  5766,  Nov,  ao,  1903;  Y.  and  D.,  8789,  June  6,  1905; 
Y.  and  D.,  S766WM,  Nov.  8,  1906;  Y.  and  D.,  5766,  Nov.  31,  1907;  Y.  and 
D.,  10015,  Oct,  23,  1909;  Navy  Dept.,  S47'~77~i.  Mar.  23,  191a;  Y,  and  D., 
ioo6i-63~Ca.-AM,  Mar.  25, 1913. 
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SPECIFICATIONS    (5902)    FOR    CONCRETE   AND    CONCRETE 
MATERIALS  AND  MORTAR  AND  MORTAR  MATERIALS' 

The  following  specifications  govern  in  the  case  of  all  contracls  of  which  they 
form  a  part,  (^cept  in  so  far  as  they  may  be  modified  by  the  special  specifications 
for  the  work. 

I.  UATERlAtS  FOB  CONCRETE  AND  UOKTAR 

(a)  Sand  for  concrete  shall  be  clean  and  siliceous,  and  shall  be  a  well-graded 
mixture  of  coarse  and  line  grains,  with  the  coarse  grains  predominating.  It  shall 
be  free  from  clay,  loam,  mud,  organic  matter,  or  other  impurities.  It  shall  be 
screened  to  remove  all  particles  not  passing  a  i-inch  mesh  screen,  unless,  in 
the  opinion  of  the  oHicer  in  charge,  the  pioportion  of  particles  above  {  inch  is 
so  small  that  (he  sand  will  perform  its  functions  iri  the  concrete  without  screen- 
ing. Sand  for  concrete  may  contain  not  more  than  s  per  cent  Of  silt  when  meas- 
ured by  volume  by  shaking  a  sample  of  the  material  with  water  in  a  test-tube 
and  allowing  it  to  subside.  Crusher  dust  or  screenings  passing  a  J-inch  mesh 
screen  may  be  combined  with  and  measured  as  sand,  but  not  more  than  one- 
third  of  the  sand  in  any  one  batch  may  be  of  this  material,  unless  it  can  be  shown 
that  the  sizes  of  the  particles  are  practically  in  the  same  proportion  as  in  the 
most  suitable  grades  of  natural  sand.  Sample  of  the  sand  may  be  submitted 
to  the  officer  in  charge  for  approval  before  bidding  if  desired. 

(b)  Sand  for  mortar  shall  be  clean  and  siliceous,  and  shall  be  composed  of 
grains  of  varying  size,  it  shall  be  free  from  clay,  loam,  mud,  salt,  organic 
matter,  or  other  impurities,  and  shall  also  be  free  from  silt.  U  shall  be  screened, 
if  necessary,  to  remove  all  particles  not  passing  through  a  1-inch  mesh  screen.  ' 
If  joints  in  the  brickwork  are  too  thin  to  allow  the  use  of  particles  of  J-inch  size, 
then  the  screen  used  shall  be  of  such  a  mesh  as  to  exclude  particles  not  suitable 
for  use  in  the  particular  thickness  of  joint  in  use. 

(c)  Broken  j/one.— Crushed  granite,  trap,  gneiss,  or  other  equally  suitable 
rock,  may  be  used  for  concrete.  It  shall  be  free  from  clay,  loam,  mud,  organic 
matter,  and  other  impurities.  Fine  crushed  stone  passing  a  ^-inch  mesh  screen 
may  be  combined  with  and  measured  as  sand  for  concrete,  as  specified  under 
"  Sand  for  Concrete." 

(d)  GVaw/.— Screened  gravel  may  be  used  in  lieu  of  broken  stone  where  the 
latter  is  specified.  Gravel  shall  be  composed  of  hard,  durable  stone,  and  shall 
be  clean,  free  from  slaty  or  soft  stones,  clay,  loam,  mud,  organic  matter,  and 
other  impurities. 

•Issued  by  the  Navy  Department,  March  is.  lOia. 
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(e)  Svci  of  broken  stone  and  gravel. — Materials  shaU  be  screened  to  Mze  and 
shall  be  run  of  the  crusher  or  of  the  bank  between  the  limits  given.  The  particles  - 
shall  vary  in  size  between  the  upper  and  lover  limits  in  order  that  the  voids  may 
be  a  minimum.  For  foundations  or  mass  concrete  the  stone  shall  pass  a  3-inch 
screen  and  be  retained  on  a  1-inch  screen;  for  reinforced  concrete  the  stone 
shall  pass  a  i-inch  screeen  and  be  retained  on  a  {-inch  screen,  but  when  the  dis- 
tance between  the  reinforcing  strands  b  less  than  3  inches  the  upper  limit  shall 
not  be  over  J  mch. 

if)  Water. — Only  fresh  and  dean  water  shall  be  used  in  mixing  concrete 
and  mortar. 

(g)  Cement  shall  be  in  accordance  with  the  United  States  Government  specifica- 
tions for  Portland  cement  as  issued  by  the  Navy  Department.  Cement  furnished 
as  a  part  of  a  public  works  contract  shall  be  stored  by  the  contractor,  imme- 
diately upon  delivery,  in  a  suitable  weather-tight  and  properly  ventilated  place, 
having  a  floor  raised  above  the  ground.  The  cement  shall  be  stored  in  such  a 
manner  as  to  permit  easy  access  for  proper  inspection  and  identification  of  each 


{k)  lAme  shall  be  of  the  best  quality,  fat,  well  burned,  and  perfectly  fresh 
lump  lime,  of  a  brand  well  known  to  the  trade  or  an  established  brand  of  hydrated 
lime.  All  lime  shall  be  shipped  to  the  site  in  barrels  bearing  the  name  and  label 
of  the  brand. 

IL  UEASUKEUENT  OF  lUTERUU 

(a)  Cement  shall  be  measured  by  weight  and  not  by  volume,  and  for  the 
purpose  of  proportioning  concrete  or  mortar  100  pounds  shall  be  taken  as  the 
equivalent  of  i  cubic  foot.  A  sufficient  number  of  the  bags  or  barrels  shall  be 
actually  weighed  to  insure  the  required  amount  in  each  batch. 

(b)  Sand,  broken  stone,  or  gravel  shall  be  measured  by  volume  for  each  batch 
in  boxes,  barrels,  or  other  equally  effective  measuring  devices  approved  by  the 
officer  in  charge. 

lit.  PROPOKTIONtNC  ICATEUALS  IN  CONCRETE 

(Method  A,  fixed  volumes  of  sand  and  stone.) 

(o)  Uass  concrete  (1-3-6). — Foundations  for  buildings,  including  wall  founda- 
tions, column  piers,  curtain  walls,  retaining  walls  in  earth,  abutments,  wall  foot- 
ings, concrete  foundations,  and  mass  concrete  similar  to  these  shall  be  composed 
of  I  part  cement  (aJtowing  100  pounds  to  the  cubic  foot),  3  parts  by  volume  of 
sand,  and  6  parts  by  volume  of  broken  stone  or  gravel. 

(6)  Reinforced  concrete  (t-3-4)  in  columns,  beams,  slabs,  walls,  etc.,  shall 
be  composed  of  i  part  cement  (allowing  100  pounds  to  the  cubic  foot),  2  parts  by 
volume  of  sand,  and  4  parts  by  volume  of  broken  stone  or  gravel. 

(Method  B,  fixed  volume  of  stone  and  variable  volume  of  sand.) 

(f)  Proportions  of  concrete  under  Method  B,  which  is  to  be  used  only  when 
specially  required  by  the  specifications  for  the  work,  shall  be  as  follows: 

Class  A. — One  part  cement  (allowing  100  pounds  to  the  cubic  foot)  to  6i 
parts  by  volume  of  broken  stone  combined  with  a  variable  proportion  of  sand. 
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CUtss  B, — One  part  cement  (allowing  loo  pounds  to  the  cubic  foot)  to  4! 
parts  by  volume  of  broken  stone  combined  with  a  variable  proportion  of  sand. 

(d)  Delermining  amount  of  sand.— It  is  the  intention  with  the  given  amounts 
of  cement  and  broken  stone  to  secure  concrete  as  dense  as  possible.  The  amount 
of  sand  to  i>e  added  will  therefore  depend  on  the  actual  character  of  the  sand  and 
broken  stone,  and  the  number  of  cubic  feet  of  sand  to  be  added  will  be  determined 
by  frequent  experiments  and  tests  of  the  material  as  actually  delivered  and  accepted 
during  the  progress  of  the  work.  The  proportion  will  be  established  from  time 
to  time  for  each  class  of  aggregate  used  and  will  not  be  changed  during  any 
period  of  twenty-four  hours,  unless  the  contractor  desires  to  use  materials  of 
different  characteristics,  and  the  proportion  determined  at  any  one  time  shall 
continue  to  be  used  until  the  next  determination  b  made  and  the  contractor  has 
been  ordered  to  change  the  previous  proportions. 

(e)  Tests  for  amount  of  sand  shall  be  conducted  as  follows:  To  a  fixed  volume 
(not  less  than  5  cubic  feet)  of  dry  stone,  which  shall  be  a  representative  sample, 
add  a  fixed  volume  of  dry  sand.  Mix  these  very  thoroughly,  so  as  to  fill  all  the 
voids  as  uniformly  as  possible,  and  then  measure  and  weigh  the  resulting  mixture. 
Repeat  the  experiment  with  varying  amounts  of  sand.  That  proportion  of  sand 
which  gives  the  heaviest  mixture  per  unit  of  volume  shall  be  used  in  preparing 
the  concrete.  The  labor  and  materials  for  the  experiments  shall  be  furnished 
by  the  contractor,  but  the  experiment  shall  be  conducted  imder  immediate 
supervision  of  the  officer  in  charge. 

{J)  Run  of  crusher  stone. — The  specifications  elsewhere  require  the  screen- 
ing out  of  particles  of  broken  stone  and  gravel  below  i  inch  in  size.  Under  method 
"  B  "  of  proportioning  materials,  this  will  not  be  necessary  if  it  can  be  shown 
by  tests  that  the  amount  of  fine  material  remaining  in  the  stone  or  gravel  is  such 
that  with  the  addition  of  sand  the  resulting  total  of  fi^e  material  below  {  inch 
size  will  be  at  least  equal  to  the  most  suitable  grades  of  natural  sand.  Tests 
must  be  made  to  determine  that  there  is  not  an  excess  of  fine  material  beyond 
that  required  to  give  the  densest  possible  aggregate.  Permission  to  use  run 
of  crusher  stone  as  described  in  thb  paragraph  must  be  previously  obtained  from 
the  officer  in  charge  of  the  work. 

IV.  UrONG  UATESULS 

(a)  Method  of  mixing. — Concrete  shall  be  mixed  by  hand  or  by  a  mechanical 
mixer  of  a  type  to  be  approved  by  the  officer  in  charge. 

(fr)  Presence  of  inspector. — Concrete  may  be  mixed  and  placed  only  in  the 
presence  of  an  inspector,  and  the  contractor  or  his  agent  shall  give  due  and  ample 
notice  to  the  officer  in  charge  when  mixing  is  to  be  commenced.  The  officer 
in  charge  may  reject  any  concrete  mixed  or  placed  without  the  presence  oC  an 
inspector  when  such  notice  has  not  been  given. 

(c)  Hand  mixing, — For  mixing  by  hand  use  only  strong,  water-tight,  well- 
built  platforms,  large  enough  to  provide  space  for  the  ptartial  simultaneous  mix- 
ing of  two  batches,  which  shall  not  consist  of  more  than  i  cubic  yard  each,  shall 
be  used.  The  sand  and  cement  in  specified  proportions  shall  be  spread  in  layers 
on  the  mixing  platform,  the  sand  at  the  bottom,  and  shall  then  be  thoroughly 
and  evenly  mixed  dry  until  of  uniform  color  without  streaks.  Water  shall  then 
be  added  and  thoroughly  and  uniformly  incorporated.  The  sand  and  cement 
mixture  shall  then  be  placed  on  the  broken  stone,  which  shall  have  been  pre- 
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viously  wet  down  and  placed  in  a  layer  on  the  board  adjoining  the  cement  and 
sand.  The  mixture  shall  then  be  worked  up  and  turned  over  at  least  three  times, 
not  including  shoveling  from  the  platform  to  place  of  deposit  or  into  the  vehide 
transportation.  The  material  on  the  shovel  shall  be  completely  turned  over 
and  not  merely  dropped  from  the  shovel.  The  number  of  turnings  shall  be  more 
than  three  if  necessary  to  produce  a  ihooughly  mixed  concrete  of  uniform  con- 
sistency throughout.  The  use  of  a  rake  is  permitted  in  mixing  the  sand  and 
cement,  but  is  forbidden  after  the  stone  has  been  added.  The  amount  of  water 
shall  be  such  as  to  give  the  consistency  specified  elsewhere,  and  special  care  must 
be  taken  not  to  exceed  the  proper  amount.  Should  aa  excess  of  water  be  added 
inadvertently,  the  batch  shall  be  remixed  with  sufTicicnt  additional  cement  to 
take  up  the  water.  The  details  of  the  method  of  hand  mixing  may  be  varied  from 
the  above  by  perrnission  of  the  officer  in  charge,  but  the  results  must  be  substan- 
tially the  same  as  produced  by  the  method  described. 

(d)  Machine  mixing,  if  efficiently  done,  is  ordinarily  to  be  preferred  to  hand 
mixing.  The  mixer  shall  be  tested  at  the  beginning  of  the  work  to  determine 
the  most  efficient  size  of  batch  and  method  of  use.  The  materials  for  each  batch 
shall  be  carefully  and  accurately  measured  and  introduced  into  the  mixer. 
Water  shall  be  introduced  into  the  mixer  during  the  process  of  mixing,  and  the 
amount  shall  be  accurately  measured  to  give  the  required  consistency  as  deter- 
mined by  experience  with  previous  batches.  Should  too  much  water  be  added 
inadvertently,  the  batch  shall  be  remixed  with  sufficient  additional  cement   to 

■  take  up  the  water.  The  machine  shall  be  of  the  batch  type,  and  sliall  produce 
a  concrete  thoroughly  mixed  and  of  uniform  mixture  and  consistency  superior 
to  or  at  least  equal  to  that  produced  by  the  hand  muring  above  described.  The 
type  of  machine  selected  is  subject  to  approval  by  the  officer  in  charge.  A 
machine  of  the  continuous  or  of  the  gravity  tyi>e  shall  not  be  used  unless  specially 
permitted  by  the  specifications  for  the  work. 

(e)  Consistency. — A  medium  or  quaking  mixture  of  tenacious  jelly-like  con- 
sistency which  quakes  under  lipht  ramming  shall  be  used  for  all  concrete  except 
reinforced  concrete.  For  reinforced  concrete  a  very  wet  or  mushy  mixture  shall 
be  used,  such  that  it  will  flow  into  the  forms  and  around  the  reinforcement,  . 
but  not  so  wet  as  to  allow  the  materiab  to  separate  in  handling  or  transporting. 
For  reinforced  roof  concrete,  the  mixture  shall  be  slightly  dryer. 


V.  HANDLING  AND  PI.ACING  CONCRETE 

(a)  HaMdiing. — Concrete  shall  be  conveyed  and  deposited  in  such  a  : 
that  there  may  be  no  separation  of  thedilTerent  ingredients.  Any  concrete 
which  has  commenced  to  set  before  placing  shall  be  rejected  and  immediately 
removed  from  the  work  and  wasted  in  such  manner  as  may  be  directed  by  the 
officer  in  charge. 

(b)  Placing. — The  specified  consistency  of  the  concrete  will  require  only  light 
tamping  or  spading.  Along  the  face  of  the  forms  the  concrete  shall  be  spaded 
in  such  a  manner  as  to  force  back  the  larger  particles  and  bring  the  mortar  to  the 
surface  of  the  form  in  order  to  avoid  pits  and  irregular  concrete  after  removal 
of  the  forms.  Except  in  continuous  laying,  the  concrete  shall  not  be  deposited 
upon  that  which  has  been  laid  less  than  twelve  hours.  The  surface  of  each 
layer  which  is  not  thoroughly  dean  or  which  has  been  in  place  more  than  twdve 
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hours  shall  be  thoroughly  cleaned  and  wet,  and  then  broomed  with  one-to-one 
cement  before  depositing  the  succeeding  layer. 

(c)  Joints  in  reinjoned  contrelf.—MX  slabs  shall  be  jointed  over  the  centers 
of  beams  and  girders.  Beams  and  girders  shall  be  built  in  sections  continuously 
from  the  center  line  of  one  girder  or  column  to  the  next,  the  deeper  girder  being 
recessed  to  receive  the  shallower  one  unless  both  are  built  simultaneously.  Where 
both  beams  and  girders  intersect  over  the  same  column,  the  joints  shall  run 
diagonally  across  the  column  so  as  to  secure  proper  bearing  for  each. 

{ft)  Protection  oj  concrete  after  deppsiling.—Concteie  shall  be  protected  from 
injurious  action  by  the  sun,  heavy  rains,  currents  of  water,  frost,  or  mechanical 
injury.    In  dry  weather  it  shall  be  wet  down  frequently. 

(e)  Freezing  weather. ^Conciele  shall  not  be  deposited  in  freezing  weather 
nor  at  such  times  as  it  is  likely  in  the  opinion  of  the  othcer  in  charge  to  be  sub- 
jected to  freezing  weather  within  twenty-four  hours  after  being  deposited,  except 
on  the  written  authority  of  the  officer  in  charge,  and  then  only  under  such  restric- 
tions and  in  such  manner,  as  he  may  prescribe. 

(/)  Depositing  under  iOa/ef.~ Concrete  shall  not  be  deposited  under  water 
unless  distinctly  permitted  by  the  specifications  for  the  work.  Concrete  shall 
at  all  times  be  protected  from  running  water. 

(j)  Forms. — All  forms  shall  be  waterproof  to  prevent  leakage  of  cement  and  of 
a  substantial  character,  well  braced,  and  sufficiently  strong  to  hold  the  face  of 
the  concrete  true  to  line.  The  design  and  character  of  forma  shall  be  subject 
to  approval  by  the  officer  in  charge,  and  if  not  approved  by  him  shall  be  remodeled 
and  improved.  If  the  forms  are  held  together  by  bolts  or  wires,  they  shall  be  so 
made  that  no  iron  will  be  left  exposed  on  the  faces  of  the  finished  work.  All 
forms  for  exposed  work  shall  be  surfaced  one  side  and  free  from  defects  affecting 
the  finished  appearance  oi  the  concrete.  Forms  shall  remain  in  place  long  enough 
to  allow  the  concrete  to  properly  set,  as  determined  by  the  officer  in  charge. 


Vl.'-UOttTAKS 

(a)  Cement  mortar  shall  be  composed  of  i  part  Portland  cement  and  2  parts 
sand.  The  sand  and  cement  in  specified  proportions  shall  be  spread  in  layers 
on  a  closed-in  platform  or  light  mortar  box,  the  sand  at  the  bottom,  and  then 
thoroughly  and  evenly  mixed  dry  until  of  uniform  color  without  streaks.  Water 
shall  then  be  added  and  thoroughly  and  uniformly  incorporated  with  the  mixture 
until  it  is  of  the  proper  consistency  for  use  with  the  work  for  which  it  is  intended. 

lb)  Lime  paste  shall  be  prepared  in  a  light  box  by  adding  to  the  lime  sufficient 
water  to  thoroughly  slack  the  iime  without  "  burning  "  or  "  chilling."  The 
slacked  lime  while  still  warm  shall  be  sifted  or  run  through  a  sieve  having  meshes 
J  inch  square  in  order  lo  remove  all  particles  of  unslackcd  or  partially  slacked 
Mme.  After  cooling  it  shall  be  stored  and  properly  protected.  Lime  paste  for 
mortar  shall  st;md  one  week  before  using. 

(t)  Lime  morlar  shall  be  composed  of  2  parts  of  cement  (allowing  100  pounds 
to  the  cubic  foot),  i  part  of  lime  paste  by  volume,  and  6  parts  of  sand  by  volume. 
The  lime  paste  and  sand  shall  be  thoroughly  mixed  not  less  than  twenty-four 
hours  helorc  using,  and  6  parts  of  the  mixture  shall  be  taken  to  mix  with  the 
a  parts  of  comcnl.  The  cement  shall  be  added  only  in  small  quantities  suflicient 
for  immediate  use.    Relempering  of  mortar  in  which  cement  has  already  begUD 
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to  set  will  not  be  permitted.  The  mortar  must  be  used  so  that  it  will  be  in  place 
within  the  limit  of  time  of  the  initial  settftig  of  the  cement. 

Copies  of  the  above  specifications  can  be  obtained  upon  application  to  the 
various  navy  pay  othces  or  to  the  Bureau  of  Supplies  and  Accounts,  Navy  D^)ait- 
ment,  Washington,  D.  C. 

References:  Y.  and  D.,  girs-S-T,  Mar.  i,  igia;  Dept,,  S47i"88,  Mar.  a, 
1912;    S.  and  A.,  iiSi^g. 
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SPECIFICATIONS   FOR   CREOSOTING  PILING 
(WATERSOAKED)  * 

The  piling  to  be  treated  must  be  Douglas  fir,  thoroughly  sound  and  free 
from  all  defects  calculated  to  impair  its  value;  they  must  be  perfectly  straight 
from  end  to  end,  free  from  bark,  Teredo,  Limnoria  or  other  seaworm  holes,  also 
from  barnacles  and  similar  attachmenls.  They  must  be  cut  from  mature  stock 
and  show  an  even  taper  from  butt  to  point.  The  butts  shall  not  be  less  than  a 
full  fourteen  (14")  inches  in  diameter,  nor  less  than  nine  (9")  inches  in  diameter 
at  the  point. 

Each  cylinder  charge  must  be  made  up  of  piles  which  have  been  in  the  water 
as  nearly  as  possible  the  same  length  of  time;  nor  must  they  have  been  so  long 
therein  as  to  cause  deterioration  ur  damage  of  any  kind. 

After  the  piles  are  placed  in  the  cylinder  they  must  be  immersed  in  creosote 
oil  of  the  quality  specified  below,  of  a  temperature  ranging  between  160  and  170° 
F.,  and  kept  covered  during  the  entire  boiling  period  under  at  least  4  inches 
of  oil  at  the  shallowest  place.  The  engineer  on  duty  riiust  from  time  to  time 
during  the  boiling  satisfy  himself  by  bleeding  the  cylinder  that  such  is  the  case. 

After  filling  the  cylinder  with  oil,  steam  must  then  be  regulated  through 
the  heating  coils,  so  that  the  temperature  within  the  cylinder  is  kept  gradually 
rising  as  fast  as  the  condensation  will  permit  until  210°  F,  is  reached;  after  which 
the  steam  pressure  must  only  be  such  as  to  maintain  a  regtdar  and  constant 
temperature  within  the  cylinder  with  220°  as  the  minimum  and  225°  F.  the  max- 
imum until  such  time  as  the  amount  of  condensation  per  cubic  foot  per  hour 
collecting  in  the  hot  well  of  the  condenser  shows  the  interior  of  the  wood  to  be 
thoroughly  dry,  when  the  steam  pressure  in  the  coils  should  be  released,  and 
the  cylinder  filled  up  with  creosote  oil  from  the  storage  or  working  tanks,  of  a 
temperature  ranging  between  160  and  170°  F.,  then  pump  pressure  applied  until 
the  gage  shows  5  pounds  pressure  in  the  cylinder  (this  to  insure  the  fact  of  the 
cylinder  being  actually  full),  after  which  the  connection  between  the  storage 
lank  and  cylinder  should  be  closed  and  the  connection  between  measuring  tank 
and  cylinder  opened.  Additional  pressure  must  then  be  applied  until  the  piling 
has  taken  the  proper  amount  of  oil,  forced  in  under  such  conditions  as  will  insure 
its  complete  retention  in  the  wood  after  drip  is  over,  and  figured  at  the  weight  of 
the  dry  oil  per  gallon  at  100°  F..  the  cylinder  doors  may  then  be  opened  pro- 
vided the  temperature  within  is  reduced  to  below  joo"  F, 

*  F.  D.  Beal,  Muitger,  St.  Heleni  Creomclna  Co,,  PorUand,  Ora. 
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After  treatment,  the  oiling  must  be  free  from  all  heat  checks,  water  bursts 
and  other  defects  due  to  inferior  treatment  which  would  impair  usefulness  or 
durability  for  the  purposes  intended.  Piles  when  bored  midway  between  the 
ends  must  show  no  moisture  in  the  center,  and  the  borings  beyond  the  oil  penetra- 
tion must  retain  their  natural  elasticity  and  strength. 


COT  AND  SEASONED  PILINO 

Green  or  freshly  cut  piles  delivered  at  the  treating  plant  on  cars,  or  any 
which  have  not  been  lying  in  the  water,  must  be  treated  in  the  manner  prescribed. 

Thoroughly  seasoned  piles  must  be  treated  in  the  manner  prescribed. 

No  piling  in  these  two  classes  must  be  mixed  together  and  treated  in  the  same 
charge,  and  none  in  either  of  these  two  classes  should  be  treated  which  is  not  at 
the  time  free  from  rot,  and  in  proper  condition  for  use  after  treatment  as  far  as 
Egilits  or  breaks  arc  concerned;  If  any  such  is  received  from  the  miUs  it  should 
not  be  treated  unless  the  inspector  directs  it  to  be  done. 

After  the  piles  are  placed  in  the  cylinder,  it  must  be  immersed  in  creosote 
oil  of  a  temperature  ranging  between  i6o  and  170°  F.,  and  kept  covered  dur- 
ing the  entire  boiling  or  heating  period  under  at  least  4  inches  of  oil  at  the  shal- 
lowest place;  the  engineer  on  duty  must  from  time  to  time  during  the  boiling 
satisfy  himself  by  bleeding  the  cylinder  that  such  is  the  case. 

In  the  case  of  green  or  freshly  cut  piling,  steam  must  thereafter  be  regulated 
through  the  healing  coils  so  that  the  temperature  within  the  cylinder  is  kept 
gradually  rising  as  fast  as  the  condensation  will  permit  until  iij°  F.,  is  reached, 
with  215°  F.  as  the  maximum;  after  which  the  steam  pressure  must  only  be  such 
as  to  maintain  a  regular  and  constant  temperature  within  the  cylinder  between 
these  Sgures,  until  such  time  as  the  amount  of  condensation  per  cubic  foot  per  hour 
collecting  in  the  hot  well  of  the  condenser  shows  the  interior  of  the  wood  to  be 
thoroughly  dry,  when  steam  pressure  in  the  coils  should  be  released. 

In  the  case  of  thoroughly  seasoned  piling,  the  temperature  of  the  oil  in  the 
Q'linder  must  be  allowed  to  rise  slowly  and  steadily  imtil  190°  F.  is  reached,  with 
193°  F.  as  the  maximum;  and  kept  between  these  figures  until  such  time  (depend- 
ing upon  the  dimensions)  as  the  interior  of  the  wood  shall  have  become  sufficiently 
warmed  up  lo  enable  it  to  take  the  required  amount  of  oil,  when  the  steam  pres- 
sure in  the  coils  should  be  released. 

The  cylinder  should  then  (in  each  case)  be  filled  up  with  creosote  oil  from  the 
storage  or  working  tank,  of  a  temperature  ranging  between  160  and  170°  F., 
and  pressure  from  the  pump  applied  until  the  gage  shows  5  pounds  pressure 
in  the  cylinder  (this  to  insure  the  fact  of  the  cylinder  being  actually  luU),  after 
which  the  connection  between  the  storage  tank  and  cylinder  should  be  closed, 
and  the  connection  between  measuring  tank  and  cylinder  opened.  Additional 
pressure  must  then  be  applied  slowly  and  steadily  until  the  piling  has  taken  the 
proper  amount  of  oil  forced  in  under  such  conditions  as  will  insure  its  complete 
retention  in  the  wood  after  drip  is  over,  and  figured  at  the  weight  of  the  dry  oil 
per  gallon  at  100°  F.,  the  cylinder  doors  may  then  be  opened  provided  the  tem- 
perature within  is  below  200°  F. 

After  treatment  the  piling  must  be  free  from  all  heat  checks,  water  bursts, 
and  other  defects  due  to  inferior  treatment,  which  would  impair  usefulness  or 
durability  for  the  purposes  intended. 
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Seasoned,  and  green  or  freshly  sawed  material  must  not  be  mixed  together 
and  treated  in  the  same  charge,  and  none  should  be  treated,  which  is  not  at  the 
time  free  from  rot,  and  in  the  proper  condition  for  use  after  treatment  so  far  as 
splits  or  breaks  are  concerned,  if  any  such  is  received  from  the  mills,  it  should 
not  be  IreatL'd  unless  the  inspector  directs  it  to  be  done. 

Square  timber  must  not  be  treated  in  the  same  charge  with  planking,  nor 
ties  with  planking,  and  sufficient  i-inch  strips  must  be  placed  between  each  tier, 
with  from  i  to  r  inch  space  left  between  each  piece,  so  that  the  oil  can  have  free 
access  to  all  surfaces. 

After  the  material  is  placed  ta  the  cylinder,  it  must  be  immersed  in  creosote 
oil  of  3  temperature  ranging  between  i6o  and  170°  F.,  and  kept  covered  during 
the  entire  boiling  or  beating  period  under  at  least  4  inches  of  oil  at  the  shallowest 
place;  the  engineer  on  duty  must  from  time  to  time  during  the  boiling  satisfy 
himself,  by  bleeding  the  cylinder,  that  such  is  the  case. 

In  the  case  of  green  or  freshly  sawed  material,  steam  must  thereafter  be 
regulated  through  the  heating  coils  so  that  the  temperature  within  the  cylinder 
b  kept  gradually  rising  as  fast  as  condensation  will  permit  until  212°  F.  is  reached, 
with  215°  F.  as  the  maiciinum,  after  which  the  steam  pressure  must  only  be  such 
as  to  maintain  a  regular  and  constant  temperature  within  the  cylinder  between 
these  figures,  until  such  time  as  the  amount  of  condensation  per  cubic  foot  per 
hour  collecting  in  the  hot  well  of  the  condenser  shows  the  interior  of  the  wood 
to  be  thoroughly  dry,  when  steam  pressure  in  the  coils  should  be  released. 

In  the  case  of  thoroughly  seasoned  timber,  the  temperature  of  the  oil  in  the 
cylinder  must  be  allowed  to  rise  slowly  and  steadily  until  190°  F.  is  reached, 
with  igi°  F.  as  the  maximum,  and  kept  between  these  figures  until  such  time 
(dependent  upon  the  dimensions)  as  the  interior  of  the  wood  shall  have  become 
sufficiently  warmed  up  to  enable  it  to  take  the  required  amount  of  oil,  when  the 
steam  pressure  in  the  coil  should  be  released. 

The  cylinder  should  then  (in  each  case)  be  filled  up  with  creosote  oil  from 
the  storage  or  working  tank,  of  a  temperature  ranging  between  160  and  170°  F. 
and  the  pressure  from  the  pump  applied  until  the  gage  shows  5  pounds  pressure 
in  the  cylinder  (this  to  insure  the  fact  that  the  cylinder  is  actually  full),  after 
which  the  connection  between  the  storage  tank  and  the  cylinder  should  be  closed, 
and  the  connection  between  the  measuring  tank  and  the  cylinder  opened.  Addi- 
tiorlal  pressure  must  then  be  applied  slowly  and  steadily  until  the  material  has 
taken  the  proper  amount  of  oil,  forced  in  under  such  conditions  as  will  insure 
the  complete  retention  in  the  wood  after  drip  is  over,  and  figured  at  the  weight 
of  the  dry  oil  per  gallon  at  ioo°  P.;  the  cylinder  doors  may  then  be  opened  pro- 
vided the  temperature  within  is  below  200°  F. 

After  treatment  the  material  must  be  free  from  all  heat  checks,  water  bursts, 
and  other  defects  due  to  inferior  treatment,  which  would  impair  usefulness  or 
durability  for  the  purposes  intended. 

CREOSOTE  OIL 

The  oil  used  in  treating  shall  be  the  best  obtainable  grade  of  coal-tar  creosote; 
that  is  it  must  be  a  pure  product  of  coal-tar  distillation,  and  must  be  free  from 
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admixture  of  oils,  other  tars,  or  substances  foreign  to  pure  coal-tar;  it  must 
be  completely  liquid  at  38°  C,  and  must  be  free  from  suspended  matter;  the 
specific  gravity  of  the  oil  at  38°  C,  must  be  at  least  1.03.  Creosote  oil,  when 
distillation  is  carried  on  as  laid  down  in  the  American  Railway  Engineering  and 
Maintenance  of  Way  Association,  Vol.  g,  page  708,  shall  give  no  distillate  below 
200°  C.  not  more  than  5  per  cent,  below  ato"  C.,  not  more  than  15  per  cent, 
below  235°  C.  and  the  residue  above  355°  C.  if  it  exceed  5  per  cent,  in  quantity, 
must  be  soft.    The  oil  shall  not  contain  more  than  3  per  cent,  of  water. 

GENERAL  CLAUSES 

All  material  shall  be  treated  to  the  entire  satisfaction  of  the  purchaser's 
inspector,  he  being  allowed  full  access  at  all  times  to  the  facilities  used  in  the 
treatment  while  it  is  in  progress.  When  recording  thermometers  are  installed 
on  treating  plants  the  inspector  shall  have  access  to  same  in  order  to  check  tem- 
peratures during  treatment.  He  shall  also  be  furnished  with  facilities  for  taking 
daily  inventories  on  creosote  oil  in  order  to  ascertain  the  exact  amount  injected 
in  the  timber;  but  the  fact  of  any  inspector  being  at  the  plant  shall  not  relieve 
the  treating  company's  officials  from  the  responsibility  of  seeing  that  the  treat- 
ment of  all  material  is  properly  aud  carefully  done,  with  the  agreed  penetration 
of  oil  in  each  case,  based  on  the  contract  amount. 

Before  each  cylinder  charge  is  disposed  of,  the  depth  and  character  of  the 
penetration  must  be  ascertained  by  boring  one  or  more  auger  holes,  after  wood 
has  cooled,  in  as  many  pieces  of  each  class  of  material  as  may  be  necessary  for  the 
purpose,  and  such  pieces  as  are  not  found  to  be  fully  treated  in  accordance  here- 
with must  be  returned  to  the  cylinder  with  a  subsequent  charge  for  further  treat- 
ment without  extra  cost  therefor;  should  more  than  lo  per  cent,  of  the  total 
number  of  pieces  treated  be  found  detective,  the  entire  charge  must  be  so 
returned.  No  material  must  be  removed  from  the  treating  yard  until  all  auger 
holes  are  tightly  plugged  with  creosoted  plugs. 

The  intent  of  these  specifications  is  that  the  wood  when  it  comes  out  of  the 
cylinder  and  after  all  drip  is  over,  shall  contain  the  full  weight  of  oil  to  the  cubic 
foot,  forced  in  at  such  pressure,  and  under  such  conditions  as  to  enable  the 
wood  cells  and  fiber  to  retain  it  permanently. 

The  pressure  gages  and  thermometers  must  be  compared  and  tested  at 
frequent  intervals  with  standard  test  appliances  kept  on  hand  for  that  purpose, 
and  all  differences  corrected. 

Competent  and  experienced  engineers  shall  be  in  charge  of  the  treatment 
night  and  day,  and  required  to  make  frequent  examinations  of  the  temperature 
during  the  boiling,  especially  when  the  maximum  heat  is  being  applied;  the 
thermometers  being  located  so  that  they  will  correctly  reflect  the  heat  conditions 
within  the  cylinders,  and  at  the  same  time  be  convenient  to  get  at. 

In  handling  the  material  after  treatment,  sharp  dog  or  cant  hooks  must  not 
be  used  in  any  way  whereby  the  full  protection  of  the  treatment  is  likely  to  be 
lessened;  in  the  case  of  piling  they  must  be  used  in  the  space  within  2  feet  from 
the  large  end  and  6  feet  from  the  point.  Any  material  broken  or  otherwise 
damaged  in  treatment  or  by  careless  handling,  while  in  the  treating  company's 
care  and  until  delivered  to  the  purchaser's  destination  as  per  contract,  will  be 
rejected,  and  the  treating  company  must  substitute  new  material  therefor  or  the 
cost  will  be  charged  to  the  treating  company. 
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Facilities  for  testing  the  grade  of  the  oil  to  ascertain  that  it  is  in  accordance 
with  the  above  specifications  shall  be  furnished  by  the  treating  company  and  all 
necessary  facilities  for  testing  the  same  shall  be  provided,  and  kept  at  the  plant 
by  the  treating  company. 

The  treatment  under  these  ^ledfications  will  require  13  pounds  of  creosote 
dl  per  cubic  foot. 
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TABLE  LXIX.— COMPRESSORS  FOR  PNEUMATIC  WORK 

Ingersoli^Rand  Stbaight  Line  Comprbssobs.    Class  Ai 

Steam  PreasuK  80-110  Pounds 


Kb  of  Cjlindert,  lochet 

Piston  Dif 

Boiler  H.P. 

st^;;'"c^. 

^^■^v,. 

Stroke. 

R.P.M. 

Oi^iiad. 

MiULAir 

12 

.6i 

14 

55 

496 

"S-3S 

73 

14 

i8i 

18 

628 

»S-SO 

83 

14 

«•! 

18 

20 

770 

I5-3S 

83 

14 

«i 

iS 

30 

9J4 

10-25 

So 

16 

20i 

18 

770 

»S-50 

103 

16 

.2i 

18 

lo 

914 

IS-3S 

W 

iS 

3ji 

14 

94 

973 

25-50 

125 

iS 

24i 

14 

94 

IIJO 

iS-40 

131 

18 

26i 

34 

94 

1345 

i»-30 

128 

ao 

^4i 

34 

94 

1150 

23-30 

■56 

26i 

»4 

94 

"345 

10-40 

149 

»* 

l6i 

14 

94 

I34S 

__3rj^_ 

174 

Si»!  of  KpeB.  I 

ncho. 

Length 

Width 
Overall. 

H«Wit 

Fo-rXion 

.    Steam 

StMin 

Ai 

DC*. 

Circulmling 

Weiaht, 

InleC. 

B>1»>>«L. 

ch, 

Water. 

3 

s 

1 1-7 

3-9 

3-4 

8.900 

3) 

5 

rs-3 

4-3 

4-3 

13*» 

3) 

7 

1S-3 

4-3 

4-3 

14,»00 

3* 

8 

16-0 

4-3 

4-3 

14,600 

4 

7 

iS-7i 

4-3 

4-3 

:4^ 

4 

8 

16-0 

4-3 

4-3 

iS.~o 

5 

5 

19-0 

S-3 

S-3 

13,000 

S 

6 

19-0 

S-3 

S-3 

23.S00 

5 

9 

19-0 

5-3 

S-3 

24,000 

5 

9 

19-0 

5-3 

5-3 

24,000 

5 

6 

6 

19-0 

S-3 

S-3 

»4,3<» 

5 

6 

9 

I(^-o 

5-6 

S-3 

25,000 

The  compttssoT  plant  should  be  arranged  with  boilers  and  compressors  placed  sim- 
ilariy  to  the  pumping  scow,  Fig/yo.  The  medical  lock  can  be  placed  on  tlie  same  scow. 
The  compressor  used  on  the  Chilltcothe  work  was  about  the  size  of  the  second  one  in  the 
table,  while  the  one  used  on  the  Vancouver  work  was  the  same  as  No.  10  in  the  tabic. 
It  is  always  advisable  to  have  a  duplkaie  compressor  in  case  of  tDore  air  bdng  needed 
"n  case  one  machine  ia  broken  down. 
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Aberdeen  granite,  351 
Abrasion,  effect  at,  on  stone,  44S 
AbsoiptioD  of  building  stone,  ratio  of,  450 
Abutment  piers, Puget  Sound  Elcc.  Ry.,  565 
Abutments,   concrete,   Knoxville,   Tenn., 

Ion  cost  of  forms,  643; 
— ,    concrete    viaduct,    Portland,    Ore., 

forms  for,  66; 
Adda  river,  span  over,  at  Trazzo,  i 
Air  compressor,  Sullivan,  307,  471 

—  compressors,  134,  24s,  47i,  794 

—  cubic  feet,  required  to  run  one  to  forty 
rock  driUs,  473 

—  lock  for  workmen,  115,  iiS,  240,  61 

—  locks,  )37 

medical,  128 

,  decompression  valve  lor,  137 

^  — ,   types    of,   used   on   the  Antwerp, 

Belgium,  seawall,  613 

—  pressure,  12a,. 335,  727,  231,  245,  246, 
IS4 

—  pump,  16,  377,  7<M 

—  shaft  and  working  chamber,  145,  148 
Albany,  N.  V.,  foundation  of  State  Capitol, 

409 
Allowable  loads  on  various  classes  of  soil, 
416,  433,  491,  611,  616 

—  pressure  on  deep  foundations,  discus- 
sion of,  by  Elmer  L.  Corthell,  412 

deep  foundations,  491 , 6 1 1 ,  616 

—  —  masonry,  449,  491 

American  rivers,  early  foundations  over,  5 

—  suctim  dredges,  development  of,  343 
Anchor  pits,  Crotcm  dam  foundation,  591 
Anchoring  cribs  and  crib  coffer-dams,  45 
Ancient  bridges,  various  kinds  of  pumps 

Anderson,  J.  F.,  158 
Angle  of  repose  of  soils,  table,  514 
Antwerp,    Belgium,    method    of    filling 
caisson  with  cuncrete,  614 


Belgium,  61s 

—  for  testbg  capacity  clay.  Lake  Wash- 
ington canal,  652 

Apron,  undermining  of,  Yakima  Chaitoine 

dam,  587 
Arbroath  rubble,  351 
Aich  bridge  at  Topeka,  Kan.,  138 

—  center  forms,  method  of  removing,  688 

—  developed  by  the  Romans,  2 

Arched  dam,  cyclopean  masonry,  Spauld- 
ing,  Cal.,  S94 

—  web  sheet-piling,  171, 173 
Architectural  beauty  of  piers  in  Europe, 

437 
Amott-Nasmyth   steam   pile-hamraer,   63 
Amott  steam  hammer  guides,  63 
Arrol,  Mr.,  346 
Arthur    Kill    bridge    foundations,     See 

Foundations. 
Artificial  bark,  580 
Aspdin,  John,  515 
Automatic  vacuum  pimips,  Maslins,  289 


Bach,  C,  t6» 

Bainbridgc,  F.  H.,  341 

Baker,  Prol.I.O.,  418 

Baker,  Sir  Benjamin,  163 

Baldwin,  H.  F.,  119 

Baltimore,  concrete  sheet-piling,  563 

—  jetty  piers,  560 
Bamboo  ca^ngs,  Japanese,  2 
Bark,  burlap  as  an  artificial,  580 
Barr,  158 

Bascule  bridge,  molded,  corrugated  < 
Crete  piles  used  for,  552 

—  — ,  piers  for,  in  Seattle,  123 

—  pump,  Cresy,  383 
Basket  cribs,  52 
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Batter  inles,  stringiag  oi  pendulum  leada 

desirable  for,  So 
Bayfield,  H.  A..  333 
Beal,  F.  D.,  385,  789 
Beam  action,  piindples  of,  q^licsble  to 

wall  footings,  494 
Bearing  on   deep   foundations,   114,  409, 

^11,  491,  S09,  S86, 610,  616  . 
Beaudemoulin,  — ,  14 
Bed-rock,     towers     of    Brooklyn    bridge 

placed  OD  sand  overlying,  41G 
Betwlius,  — ,  768 
Beton,  early  use  of,  4 
Bidder,  George,  767 
Blake,  E.  J.,  25 
Blasting    by    dectridty,   ass,  271,    179, 

Blowpipe,  oxyhydrogen,  for    under-water 

use  by  diver,  155 
Boat  bridge  across  the  Danube,  9 
Htnler   and   engines   for  floating   driver, 

details  of,  70,  94  ff,  375,  4°? 
Boiter-riveting,    piers    made    water-tight 

by,  156 
BoUer,  Alfred  P.,  49,  "6 
Bond  resistance  a  most  important  feature 

(rf  strength  of  column  footings,  soo 
Borings    for    foundations,    experimenting 

in,  when  not  reliable  in  original  sound- 
ings, 106,  iii,  190, 193,  419 
— ,  lest  of  soil,   ro6,   113,   r90,  193,  416 
Bortbwick,  Michad  A.,  760 
Bcssut,  M.,  437 

Bradng  between  cylinders,  158  ff,  182,376 
—  timber  piers,  use  of  creosoted  piles 

for,  S43 
Breakwaters,  cost  of. 


— ,  dams  and  seawalls,  foundations  (or,  sS6 

— ,  Hdyhead,  619 

— ,  method  of  prq>aririg  foundations  and 

constfucling,  by  H.  C.  Ripley,  619 
— ,  methods  of  placmg  material  for,  618 
— ,  Osaka  Harbor,  619 
— ,  phy^cal  and  geological  data  must  be 

considered,  618 
— ,  Plymouth,  619 

—  use'of  large  rock  in  rebuilding  jetties 
at  Humboldt,  Cal.,  478 

Bridge    and    trestle    timbers,    factors    of 

safety,  574 
-,  strength  of,  571 

—  construction,  early  use  of  diving  bell 


— ,  foundations,   114,  : 
JQ9,  586,  6ia,  616 


.  409.  ■ 


.  491. 


^,  Knoxville  ateel  arched  cantilever,  piers 
ofi  35.  44» 

—  of  boats  across  the  Danube,  9 

— ,  piers,  forms  for.  Fowler's  patent,  660 

■ ,  old,  description  of,  at    Tacoma, 

Wn.,  276 
,  size  of  riprap  placed  arouDd,  476 

—  supoBtructures,  r 

^,     thorough    examination    of    locatim 

necessary,  106,  129,  190,  193,  416,  429 
Bridges,  ancient,  various  kiikda  of  pumps, 

used  on,  283 
— ,  foundation  of  ancient,  a 
Bridges  referred  to: 

Aa  River,  Russia,  IS9 

Adda  River,  a 

Ann  Arbor,  Mich,  Cent.  Ry.,  115 

Amprior,  29 

Arthur  Kill,  49,  74,  ri6 

Baltimore  (North  Av.),  40J 

Bismarck,  Northern  Pacific  Ry.,  409 

Blackfriar,  3 

Boucicault,  France,  3B7 

Brooklyn,  ai,  108,  208, 416 

Buda  Pesth,  g,  36,  39,  73 

Cesar's,  over  the  Rhine,  4,  55 

Canon  Street,  416, 611 

Charing  Cross,  416,  611 

Charlestown,  75,  lao 

Chattanooga  (Walnut  St.),  129 

Chelsea,  50 

Chillicothe,  0.,  220 

Chittrivatri,  ao8 

Clarence,  Cardiff,  156 

Coteau,  50 

Cumbeiiand,  Md.  (Baltimore  St.),  130 

Duwamish  Dmw,  Puget  Sound   Eke. 
Ry-  S67 

Eleventh  St.,  Taouna,  too,  193, 176, 659 

Fair  Haven,  6a 

Falls,  136 

Florence,  313 

Forth,  156,  i6a,  214,  333,  294 

Fort  Madison,  31,  40 

Praser  River,  189 

Gecsgetown,  370 

Gorai,  418 

Hariem  Ship  Canal,  47 

Harper's  Ferry,B.&O.R.R.,  113,120 

Harvard,  387 

Hawkesbury,  Australia,  136, 183 

Hexham,  14 

Hutcheson,  6,  73,  itj 
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Bridges  refened  to: 
Karun  River,  Persa,  a 
Knoiville,  Tenn.,  35,  441,  665 
Lake  Washington  Canal,  Seattle,  113 
Little  Bibs  d'Or  River,  C.  B.,  159 
Little  Rock,  Ark.  (Main  St.),  134 
MelanArch,  Topeka,  Kan.,  ijg,  403, 

S18,  74S 

Memphis,  Tenn.,  caotileva,  416 

Nantes,  418 

Neuilly,  284 

New  London,  763 

Notre  Dame,  13 

Ocmulgee  River,  171 

Omaha,  437 

Orieana,  France,  53 

Philadelphia  (Walnut  St.,),  31 

Pkjua,  Ohio,  661 

Portland,  Ore.,  82,  297,  66;,  717,  719 

Putney,  X37 

Queens,  Australia,  46 

Ragii^  Rivet,  s66 

Red  River,  3S9, 658 

Rochester,  N.  Y.  (Court  St.),  40J 

Roebling,  Cincinnati,  413 

Saumur,  France,  56 

Schuylkill,  134 

Shuster,  Penis,  3 

Sibley,  763 

St.  Lawrence  Rivw,  a  7 

St.  Louis  Eads,  31, 487 

Szegedin,  Hungaiy,  418 

Tacoma,  Wn,,  193,  376,  660,  703 

Topeka,  Kansas,  13S  518, 401,  745 

Tower,  London,  61 1 

Trajan's  SS 

Tuileries,  France,  14 

Tulse,  29 

Vancouver,   Wash.,   78,   no,  114,  658, 
703 

Victoria,  159,487 

Union  Paciiic,  Omaha,  114 

Westminster,  2,  14 

White  Pass  Ry.,  665 

Voungstown,  O.,  424 
Bridges,  serpentine  form  of,  1 
— ,  single  arch,  early  form  of,  3 
— ,    United    States   government    require- 
ments for  constructing,  424 
Brocdclyn  bridge,  towers  of,  placed  on  sand 

overlying  bed  rock,  416 
Brooming  or  shattering,  danger  of,   in 

driving  piles,  78 
Brown,  Capt.,  767 

Brunswick  wharf  'aoa  sheet-piling,  76; 
Bucket  ladder  dredge,  306,  336,  340 


Bucket,  metal,  deacriptitm  of,   used  on 

Coosa  River,  387 
— ,  Owen  clatn-shell,   (16,   198,  305,  307 
— ,  "  Stockton  "  dredge,  description  of,  310 
Buckets, clam-shell,  126.  tgS,  276,302,305, 

307,  310 
— ,  Rjckard's  oiaage-peti,  yaa 
—,  WQIiams,  306,  307 
Bucket-wheel  used  at  Neuilly,  France,  384 
Building  laws  of  Greater  New  York,  418 
Building  stime,  important  qualities  to  be 

considered,  447 

ratio  of  a)»orption,  45 

Buiklings,   foundaticais  of,  steel   sheeting 

tor,  :68 
Bull-wheel  pile  driver,  De  Cessart's,  56 

,  Perjonet's,  56 

Burges,  — ,  764,  7^7 

Burlap  as  an  artificial  bark,  58a 

Burr,  Prof.  Wm.  H.,  47,  573 

Butler,  John  S.,  672 

BycTB,  M.  L.,  23 


Cableway  on  the  Coosa  dam,  capacity  of, 

40J 
Cableways,  effect  of  use  of,  on  Chicago 

drainage  canal,  400 
Caisson,   Antwerp,   Belgium,   method   of 

filling,  with  concrete,  614 

—  disease,  336, 141 

—  tunnels,  hours  of  labor  on,  where  com- 
pressed-air is  employed,  231 

,  medical  regulatHMs  on,  where  com- 
pressed-air is  used,  133 

Caissons  and  cylinders,  179 

— ,  basket,  3 

— ,  compressed-air,  s,  210,  330,  335,  610 

,  first  use  of,  in  coal  mines,  it 

— ,  coffer-dam,  2,  211,  220,  238,  613 

— ,  cylinder  piers,  design  of,  179,  182  ■ 

,  placing  of,  179 

,    plan    for    supporting    on    soft 

ground,  1S3 

— ,  difficulty  of  property  loading  angle- 
walled,  209 

— ,  diveise  opinions  of  engineers  on  use 
of,  5 

— ,  first  use  of  compressed  air,  2r 

—  for  railway  piers,  estimate  for  eight 
dredged,  700 

—  Tacoma  bridge,  cost,  703 

—  foundations  of,  Antwerp,  Belgium,  appa- 
ratus empbyed  to  determine  capacity 
of,  615 
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Caissons,  friction  on,  198,  so8,  aog 
—,  launching,  194,  212,  121,  235,  242 

—  —  dredge  timber,  for  deep  foundations, 
183, 189, 190,  193 

— ,  pneumatic,  5,  210,  220,  235. 6<o 

,  for  railway  piers,  estimate  of  cost, 

701 

,  not  ordinary  foundations,  2  20 

,  Vancouver  bridge,  cost,  703 

— ,  Queensferry,  accident  sinlcing  of,  248 
— ,  sinking  of,  14,  183,  190,  193,  ig6,  no, 

Inch-Garvie,  24S 

— ,  steel  pneumatic,  Forth  bridge,  235 

,  Antwerp,  610 

— ,  surveys  tor,  237  .  . 

— ,  timber  pneumatic,  zio,  320 

— ,  Cube  weights  and  qiuuitities,  i8d 

— ,  vacuum  process  applied  to,  21 

— ,  iroriting  chamber  of,  213,  221,  250, 

Calculation  of  piers,  footings  and  retaining 
walls.    See  Piers. 

—  of  stability  of  piers,  484 

—  <^  stability  of  retaining  walls,  502 

—  of  strength  of  footings,  459,  4S4,  491 
Calking  seams,  piers  and  scows,  r8s,  189, 

196,  213,  308,  333,  382,  791 

—  timber  work  of  piers,  185,  189,  196,  214 
Canal  lock  waUs,  Illinois  and  Missisuppi 

rules  for  constructing,  391,  664 

Canals.    See  Rivers. 

Candle- wicking,  for  calking,  40 

Cane-stslks  to  stop  leaks  and  secure  water- 
tightness,  39 

Canvas,  bulkheads,  44 

— ,  cribs  and,  39 

—  funnel,  inverted,  to  stop  leaks,  44 
Capacities,    weights    and    dimensions    of 

concrete  Ransome  mixers,  table,  532 
Capacity    of    cableway    on     the    Coosa 

dam,  402 
Carey-Latham  concrete  miiers,  640 
Carrying  capacities  of   clay,  in  different 

localities,  409,  422,  491,  610,  615,  616, 

Canon,  Howard  C,  116 

Casey,  Capt.  Thos.  L.,  121 

Cast  iron,  effect  of  salt  water  on,  767 

piling,  760 

Cataract   pumps,   Edwards',    remarkable 

work  done  by,  297 
Cavanaugh,  Maj.  J.  B.,  650 
Cement,  earlier  kinds  of,  515 
— ,  earliest  use  of,  jij 


Cement,  first  real  Portland,  515 
— ,  German  vs.  Englitii,  317 
^,  grinding  of,  516 

—  joints  and  water  pressure,  165 

— ,  manufacture  of  Portland  and  natural, 

in  U.  S.,  515 
— ,  methods  of  testing,  517,  7SS-  776 
—.packing,  SI 7 

—  q>ecification3,  517,  755,  776 

—  —  Am.  Soc.  for  Testing  Materiab,  7SS 
U.  S.  Navy,  776.  783 

— ,  storing  ol,  at  WMks,  516 
,  before  ^ipment,  516 

—  teats,  City  of  Seattle,  531 
Center-flange  dieet-piling,  r7i 

Centers  and  forms,  general  requirements 

for  removal,  683 
Centrifugal  pumps,  vertical,  advantageous 

for  submerged  woik,  296 
,    Heald    and   Sisco   standard    iron, 

horizontal,  298 
Channel  piers,  effect  of,  oa  velocity  and 

flow  of  water,  437 

—  span,  length  prescribed  by  law,  424 
Channeling  machines,  quarrying  stone  by 

Chacoine  dams  on  Great  Kanawha  river, 

23,644 

Yakima,  387 

Chanute,  Octave,  31 

Charred  piles  for  loose  or  marshy  ground, 

13 
Chemical   and  microscof^cal  examination 


of  SI 


=,448 


Cheney,  Jnc 

Chicago  drainage  canal,  effect  of  use  of 

cableways  on,  400 
Chittenden,  Gen.  H.  M.,  544 
Circular  granite  piers,  163 
Clam-shell  buckets,  126,  iq8,  276,  302,305, 

307,  310 

dredges,  198,  307,  313,  340,  381,  383 

Gark  pile,  89 

Clark,  W.  Tiemey,  9 

Clay,  apparatus  for  testing,  6r5,  652 

—  bags  for  joints,  165 

—  bank,  simple,  jj 

— ,  carrying  capacities  of,  in  different 
localities,  409, 422, 491, 610, 613,616, 652 

— ,  pressure  of  dry  and  wet,  no 

— ,  use  of,  to  stop  leaks,  39 

Clinton  wire-cloth,  for  rdnfmcing  corru- 
gated pQes,  88 

dyde  braler,  370, 377 

Coal  mines,  first  use  of  cnnprcsacd  air 
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Cochran,  Jerome,  6S3 

Cc^er-dam  caissons.    See  Caissoos. 

,  Kobe,  Japan,  drydock,  637 

,  Lake  Washington  caiuil,  ^>edfica- 

tions,  650 
Coffer-dams  and  foundations,  (%io  rivet 

movable  dams,  q>eciScations  for,  759 
at  Buda  Pesth,  eitraordinaiy  design 

ot,  10 
,  bradng  ttNis  often  a  cause  of  leakage, 

40 

,  cause  of  failure  of  crib,  34 

,  classes  of  work  to  which  they  may 

be  appi  ed,  13 
,  cgncrete  piecs,  at  Little  Rock,  Aik., 

method  of  constructing,  134 

,  conatiuctioD  and  practice,  za 

,  construction  conforming  to  aviul- 

aUe    materia]  and    local    conditions, 

*9 

,  constiuctioo  of,  6 

.deep,  9,  iii3,  6g7 

,  definition  of,  n 

,  devdopment  of,  6 

,  douHe-walled,  45 

,  earth,  cost  of  constructing,  693 

,  embanking  method,  13 

,  failure  of  crib,  35 

—  — ,   fioating,   used   in   constroctirai   of 

pieis  of  Schuylkill  bridge,  134 
,  fiamework  and  wales  for  piers  of 

bridge  at  Cumberland,  130 

,  grillage  laid  for,  31 

in  40  feet  of  tide-water,  8 

,  instructions  for,  6 

,    inverted    canvas    funnel    to    stop 

leaks,  44 

,  Utgrat,  Clark's  account  of,  9 

,  leaks  b,  36, 150, 151,  iSi, '55 

,  metal,  on  the  Inch-Garvie  piers, 

Forth  bridge,  161,  235 
,  use  of,  for  the  Inch-Garvlc  piers, 

description  of,  161 

,  to  replace  sheet-piling,  138 

,  method  of  figuring  cost  of  deep,  6g7 

,  modes  of  rqiairing  leaky  or  unsat- 

isfaftory,  39 
,  nature  of  bottom  indicates  method 

of  construction,  34 

,  Ohb  river  boi,  141 

^  construction  and  failure  of,  138 

,  on  sand  foundati(»is,  Ohio  river,  144 

,  pier  at  Sahnon  bay,  137 

,  polygonal,  47 

,  precautions  to  guaid  against  troubles 

under  water,  34 


Coffer-dams  and  foundations,  pressure  of 
water  dten  a  cause  of  leakage,  1 10 

,  Rc^inson's  description  of,  31 

,  Sandy  Lake,  Mississippi  river,  de- 
scription of.  13  J 

,  sewage  rtservtHr,  at  Fort  Monroe, 

Va.,  tit 

,  sheet-pQe,  cost  of  labor,  693 

,  specifications  for  steel,  753 

,  stock  ramming  to  stop  leaks,  137 

,  success  in   building  evident   when 

pumping  b^ins,  383 

,  tarpaulins  to  secure  water-tightness,    ■ 

40 

,  uncertainty  regarding  conatructiiHi 


,  various  methods  of   using   sheet- 
piling  for,  114,  139 
,  wales  and  struts,  size  and  qiacing, 

,  water-tight,  8 

_  _^  —  ._  cylinders  used  when  sunk  into 

impervious  strata.  139 
,   made  of   tongue-and-groove 

sheet-piling,  39,  73 
Coiseau,  M.,  135 
Color  of  stone  a  necessary  consideration, 

447 
Column  footings,  498 
,  bond  resistance  a  most  important 

feature  of  strength  of,  500 
— -fotinute,  11a,  S73' 
Columns,  forms  for  concrete,  6S6 
—,  piles,  75 
Comparative  strength  of  stone,  tables,  449, 

4S0,  4S1.  4S» 
CompoMtionof  mortars,  787 
Compressed-air  caissons.    See  Caisscms. 

,  first  use  ot,  in  coal  mines,  it 

,  early  use  ol,  14 

foundatiouH,  310,  320,  335,  6to 

,  piers  sunk  by,  5,  110,  aio,  335.  610 

Compressors  toi  ordinaty  work,  zt6,  245, 

471,  794 

—  pneumatic  work,  table,  794 

—  for  diver,  »6,i 
Concrete,  jaj,  515  ff 

—  abutments,  Cumberland  river,  cost  of 
forms,  679 

,  Knoxville,  Tenn.,  low  cost  of  forms, 

66s 

—  and  concrete  materials,  specifications 
for,  394,  520.  783 

—  ^d  mortar,  mateiials  for,  394,  520, 
783 
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Cmicrete  and  morUr,  V.   S.  goventment 
specifications  for,  783 

—  arch,  Easl  ifith  street,  Portland,  Ore., 

—  uches,  cost  o(  three  60-ft.  reinforced, 
at  Spokane,  Wn.,  71S 

—  average  cost  in  western  states,  395 

—  bags  (or  joints,  165 

—  beam,  rtsisting  moment  of  reinlOTced, 
4M 

—  capping  for  piles,  4,  isa 

—  casing,  metal  cylinders  as,  need  not  be 
water-tight.  138 

—  coffer-dams.    See  Coffer-dams. 

—  columns,  fortns  for,  686 

—  ciHistruction,  careful  study  and  design 
of  forms  necessary,  658,  677 

—  dams,  hollow  rdnfotced,  avdding  up- 
lift pressure  in,  596 

—  deck  pier,  Brooklyn,  cost  of  construc- 
tion, 548 

—  deposition  under  water,  J03, 3^7,  639 

—  floor,  Portland  viaduct,  Coring  forms 
for,  666 

^  for  retaining  walls,  proportions,  511 

—  footing  courses,  forms  for,  638 

—  forms,  difficulty  of  estimating  cost  cf, 
66s 

— ,  forms  for,  made  from  drawings,  658 
— ,  forms  for,  precautions  to  be  taken  dur- 
ing freezing  weather,  685 

—  forms  of  metal,  661 

—  forms,  preliminary  cost  of,  693 

— ;  Fowler's  proportions  tor  Portland,  $30 

spouting  system  for  distributing,  at 

Portland,  127,  S4o,  717 

—  guard  w^,  Cumberland  river,  cost  of 
fonns,  679 

— ,  handling  and  placing,  7S6 

—  in  main  dam.  East  Park,  Cal.,  cost,  68} 

—  in  spillway.  East  Park  dam,  Cal.,  cost, 
682 

—  lock,  Curaberiand  river,  cost  of  fotms, 
67B 

—  lock  walls,  Cumberland  river,  construc- 
tion and  cost,  671 

—  materials,  S24,  783 

— ,  measurement  of  materials,  784 
— ,   method   of  filling   caisson,   Antwerp, 
Belgium,  with,  614 

mixing,  785 

— ,  panel  forms  for,  613,  653,  674 

—  pier  forms,  cost,  638  ff,  66t,  689  S 

—  piers,  forms  fiff,  638  ff 

,  Puget  Sound  Navy  Yard,  specifica- 
tions for,  339 


C<Hicrete  plus,  reuse  of  metal  foims  for,  661 

—  fulea.    Set  Piles. 

,  forms  for  molded,  667 

,  cost  per  linear  foot,  710 

,  molded  corrugated,  used  for  bascule 

bridge,  533 

—  piling  a  good  protecUtoi  against  marine 
auimab,  Sa 

,  rectangular  molded,  89 

— ,  pn^MTtioniiig  materials  in,  784 
.  — proportions.  Fowler's  discussi(H)  of,  511 

—  proportions  of ,  s^iff,  783 

— ,  quantities  of  materials  for  one  cu.yd. 
of  ranuned,  table,  513,  525,  53a 

—  KansMne  mixers,  table  d  capadties, 
weights  and  dimensions,  533 

— ,  reinforced,  quay  wall,  Bremerton,  Wn., 
estimate  of  cost,  734 

— ,  requirements  in  United  States  govern- 
ment woA,  ;ii 

— ,  requirnnents  of  cities,  $31 

—  seawalls,  364 

—  sewer  work,  forms  for,  668 

—  skew-back.  White  Pass  ft  Yukon  rail- 
way, Fowler's  forms  for,  665 

—  socket  pile,  MacLean's,  333 
piles,  333 

—  spillway.  East  Park  dam,  Cal.,  design, 
681 

—  steel  bridges,  318 

—  steel  railway  dock,  Vancouver,  cost,  711 
— ,   table   of   quantities   of   materials   of 

rammed,  518 
— ,  tests  of,  by  City  of  Seattle,  331 

,  by  Maj.  Powell,  U.  S.  Engineers,  530 

- — ,  Tbacher's  specifications  for,  318 

—  —  table  of  quantities  of,  313,  513,  330 
— ,  tube  or  bottom-dumping  box  used  for, 

ao2_,  387 

—  viaduct,  Portland,  Ore.,  forms  for 
abutments,  663 

— ,  volume  of,  based  on  barrel  of,  3  Jl  cu.lt., 

table,  s»7 
— ,  volume  based  on  band  of,  4.0  cu.ft., 

Uble,  328 
Concreting  air  chambers,  224,  248,  614 
Constructing    crib    coffer-dams    with    old 

timbers,  29 

—  piers,  Raging  river  bridge,  mannei  of, 
ST° 

Construction  of  coffer-dams  ctrnforming 
to  available  material  and  local  coorii- 
Uons,  29 

—  of  dams  to  prevent  settling,  386 

—  of  new  piers  in  New  York  Gty,  method 
of,  346 
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CoBsUuctioii  of  livtt  dike,  Skagit   river, 

Wn.,  477 
— ,  with  sheet  piles,  no 
Contractor' a     risk,     forms     for     concrete 

tanoved  at,  6S4 
Copper     paint     for     protection     aguinst 

tmdo,  70,  379 
Core  borings  for  foundation  bottoms,  429 

—  drill,  McKicman-Teny,  433 
Corobtooks,  T.  M.,  356 
Corrugated  piles.    See  Piles. 
Corthell,  Elmer  L.,  412 

Cost,  factors  in  making  estimates,  6S9 

—  of  breakwaters  in  different  cities,  618 

—  of  cwsBons  for  Tacoma  bridge,  703 

—  of  concMte  abutments  forma,  Cumber- 
land river,  679 

—  —  forms,  preliminary,  693 

lock  walls.    See  Lock  Walls. 

pier  forms,  66 1 ,  693 

steel  railway  dock,  Vancouver,  71 1 

—  of  constructing  earth  coffer-dams,  693 

—  of  cutting  off  piles,  695 

—  of  deep  coffer-dams,  method  of  figuring 
697 

—  of  dredging,  301,  306,  313,  $33.  317, 
3a8,  340,  616,  7J9,  73',  73^.  734 

—  of  driving  sheet  and  round  piles,  man- 
ner of  checking  up,  694 

—  of  floating  pile-driver,  695 

—  of   forma    for   preliminary   estimates, 
table,  693 

in  concrete  guard  wall,  Cumberland 

river.  679 

—  of  foundations,  table  of  approximate,  691 

—  of  hoist  engine,  60 

—  of  labor  method  of,  arriving  at,  658, 689 

—  —  of  sheet-pile  coffer-dams,  693 

—  of  maintenance  of  creosoted  piles  and 
reinforced  concrete  piers,  543 

—  of  material  of  piers,  566,  658  ff,  6S9  ff, 

—  — ,  estimating,  690 

—  of  operating  pumping  plant,  695 

—  of    pneumatic    caissons,     Vancouver 
bridge,  703 

—  of  pump.4,  198,  299 

—  of  rock  drills.  47; 

—  of  scow  or  lighter,  estimate  of,  713 

—  of  seawall,  Antwerp,  itemized,  616 

—  of  seawalls  in  New  York  harbor,  604 

—  of  structures,  Ottewell's  solution  of  the 
problem  of,  435 

■ —  of  suction  dredging  work,  items  in,  734 

—  of  United  States  pile-driver,  696 

—  of  wharf  pier,  Tacoma,  Wn.,  707 

— ,  overhead  charges  to  be  included  in,  690 


Cost  sheet  of  steam  shovel  work,  73»i  733 
Costs  and  estimates,  method  of  arriving 

at,  693 
Cotton,  Mr.,  764 

Cram-Nagmyth  steam  pile-hammer,  61 
Creosote  oil,  791 

—  treatment,  DougUa  fir  timber,  exper- 
iments with  and  without,  385 

Creosoted   piles   and    reinforced   concrete 
piers,  cost  of  mabtenance,  543 

—  piles  and   reinforced  concrete,   piers 
on,  comparative  value  of,  543 

,  use  of,  for  bracing  timber  piers,  543 

Creosoting  green  and  seasoned  i^ing,  790 

—  plant  near  Seattle,  Wn.,  583 

-— .  process,  descripti<m  of  timber,  580 

—  timber,  cost  of.  384 

—  watenoaked  piling,  specifications  for, 
789 

Cresy  bascule  pump,  383 

—  pile  lever,  71 

— ,  three-handed  beetle,  55 

Crew  tor  land  and  floating  drivers,  81,  94, 

695 
Crib  coffer-dams,  la 

,  constructing  with  old  timbers,  29 

Cribs  and  canvas,  39 

— ,  basket,  52 

— ,  construction  of,  33 

— ,  double- walled,  35 

— ,  early  type  of,  5 

- —  for  cylinder  piers,  183 

— ,  log,  23,  36 

— ,  single- walled,  )6 

■ — ,  sinking  of,  26 

^  sunk  to  great  depths,  pumping  plant 

for,  108,  191,  307 
— ,  timber  for  buildmg,  196 
Crosby,  B.L,  210 

Crushing  of  piers,  investigating  direct,  490 
Cuhitt's  iron  sheet-piling,  763 
Cumberland  river  lock  forms,  shoring  and 

bracing,  676 
Curtis,  W.  W.,  31 
Cutting  edge,  185,  186,  190,  19s,  313,  *i4i 

Cutwaters,  36 

Cyclopean  masonry  arched  dam,  Spauld- 

ing,  Cal,  594 
Cylinder  piers,  cribs  for,  183 
,  details  of  manufacture  and  placing, 

179 

—  — ,    elaborate    construction    of,    for 
European  work,  159 

■ for  Fraser  river  bridge,  189 

—  —,  grillage  for,  183 
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Cylinder  piers,  placing,  on  scJid  rock,  1S3 

,  supporting  in  soft  ground,  183 

wili  metal  diaphragm,  159 

—   plates,  location  of  rivet  holes,  179 

Cyliixiers  and  caissons,  1 79 

— ,  friction  on,  198,  ao8,  309 

— ,  li^thouse,  construction  of,  160 

— ,  strength  of,  160 

— ,  water-tight,  as  coSn-dams,  159 

Czechenyi,  Count,  9 


D 


Daily  reports  en  c 
731 


t  worit,  739,  730, 


Dam  foundations,  Wegniann's  data  on,  596 
— ,   Tacoma    water   system,    mistake    in 

original  design,  5S8 
Dams,  Chanoine,  33,  5S7,  644 

—  construction  of,  to  prevent  settling,  586 
— ,    design    and    construction    of,    W^- 

man,S96 

— ,  Great  Kanawha  river,  description  of, 
644 

— ,  hollow  reinforced  concrete,  avoiding 
uplift  pressure  ta,  596 

Datns,  seawalls  and  breakwaters,  founda- 
tions for.    See  Foundations. 

Darling,  W.  L.,  123, 110 

De  Ceasart,  M.,  s6 

Deck  construction,  untreated  timber  un- 
suitable for,  551 

Decompresdoa  valve  for  air-locks,  317 

Deep  coffer-dams,  8, 9, 113,697 

—  diving,  earliest,  ^54 

Derrick  barges,  106,  116,  218, 460 

—  guy,  39s 

—  scows,  351,382 
— ,  stiff -leg,  396 

— ,  tripod,  4'7,  434 

Derricks,  rigs  for  swinging,  397 

Description  of  material  used  at  Hum- 
bert Bay,  480 

Des  Essarts,  M.,  14 

Design  and  Construction  of  Duns,  W<s- 
mann,  596 

of  seawalls  at  Antwerp,  Belgiul 

—  of  coffer-dams  at  Buda  Pesth,  eKtra< 
dinaiy,  10 

—  of  masonry  siniclures,  footings  impor- 
tant element  in,  491 

Designs  of  piers,  Morison's  descriptii 

436 
Destruction  of  timber  by  marine  animals, 

379 


Diagonal    tenucn    faDure    of     footings, 

measuring  reustance  to,  501 

,  values  of  the  mazimum,  495 

Diamond  driU,  439 

Diaphragm  pumps,  185 

Dickie,  D.  W.,  364 

Dickie,  R.  Z.,  364 

Dike,    river,    cfmstruction   of,    at   Skagit 

river,  Wn.,  477 
Dimrock,  A.  H.,  sir 
Dipper  dredges,  338  S.    See  Dredges. 
Disabilities  which  should  prevoit  men  trtMU 

becoming  diveis,  3S3 
Diver,  necessary  qualifications  tor,  353 
Divers  and  diving,  353  ff 
Diver's  outfit,  36r,  163,  365 

—  signals,  explanation  of,  366 

Diving  and  its  dangers,  discusskm  of,  t^ 
Mr.  Anton  Graf,  156 

—  Ijell,  eariy  use,  of,  in  br 


,  improvement  o(,  by  Rennie,  18 

,  maimer  of  sinking  Smeaton's,  16 

,  Smeaton's,  14 

—  dress,  care  of,  354,  366 
,  repair  of,  368 

— ,  majiimum  limit  for,  154 

Diving  outfit  for  use  of  contiactora  and 

divers,  >6i 
Dock  building,  troubles  encountered  in, 

638  ff,  639 
Docks  and  locks,  foundations  for,  618  S. 

See  Foundati(His. 
— ,  construction  of,  at  Victoria,  B.  C,  137 
Double-cylinder  piers,  r59,  179  ff 

—  suction  pumps,  396 
Douglas,  Ben).,  114 

Drainage  system,  interior,  East  Faik  dam, 

Cal.,  683 
Dredges,  American  suction,  development 

01.34* 
— ,  bucket  ladder,  306,  336,  339 
— ,  capacity  of  different  types,  341 
— ,  dan-shell,  198,  303  S,  307,  313,  340, 

382,  38J 

,  adqital»lity  for  soft  matnial,  340 

,  description  of,  307 

,  drill  scows  and  rock  breakers, 

307  ff 
— ,  dipper,  340 
— ,  and  ladder,  338  ff 
— ,  eatfAoyed  in  foundation  wmk,  Osgood. 

3=8 
— ,  elevator  hopper,  description  of,  338 
— ,  Fowler's  dipper,  descriptiim  of,  331 
— ,  ladder,  306,  336, 339,  340 
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ledges,  ladder,  used  on  Suez  Canal,  336 

-,  Lancaster,  301 
-,  Marion  dipper,  331 

ictkin,  340  B,  34),  35'.  6ig 

-  and  hopper,  340 

-,  development  of  Ameikan,  343 

-,  economical  use  of,  340,  619 
Dredging,  sj,  igj,  307  ff 

—  afid  pumping,  283  ff 

—  outfit,  ideal,  for  operating  by  steam,  191 

—  plant,  3072,  333 

—  pumps,  296,  342  ff 

Drill  scows,  rock  breakers,  and  clam-sbel! 

dredges,  307  S 
Driver  crews,  average  cost  per  day,  693, 695 
— ,  land,  s6  fi,  80,  694 

—  floating,  57,  60,  66,  67,  Jo6,  69s,  696 
Drivers,  crew  for  land  and  floating,  81 
Driving  piles,  55  S,  91  ff,  iiS,  191,  30a,  638 
"  with  water  jet,  91  ff,  laS,  133,  191, 

102,  69s 
Diy-back  Scotchboiler  tugboat,  384 
Dry  dock  at  Kobe,  Japan,  description  cf, 

by  Dr.  Yamasaki,  633 
at  Puget  Sound  Navy  Yard,  founda- 
tion for,  631 

,  coffer-dam,  Kobe,  Japan,  637 

,  U.  S.  government,  League  Island, 

630 

—  dock.^,  difficulties  encountered  in  founda- 
tions for,  628  ff 

Dubaut,  M.,  437 
Dun,  James,  3S9 
Dunn,  D.  B.,  171 


Earthen  dams  for  excluding  water,  earliest 
known,  13 

East  PaA  Dam,  CaL,  cost  of  concrete  n 
^illway,  681 

— ,  de^gn  of  concrete  qnllway, 

681 

' —  — ^  methods  and  cost  of  con- 
structing, 679 

Edwards'  cataract  pumps,  remarkable 
work  done  by,  297 

Effectof  salt  water  on  cast  iron,  767  . 

Electric  light  plants,  308,  346,  3(10,  403 

—  power,  benefits  derived  from,  igi,  398 

Electricity,  blasting  by,  iss,  ^7*j  '79.  4^5 

Elevator     helper    dredges,    328.      Sa 


Elevators   for  sand,   186,    19S,   202,   2r; 
Ely,  Prof.,  S73 

Embankment  method  foi  coffer-dams,  6, 
13,33 


SX  803 

Emerson  foundatirai  pump,  1 26,  290 

Emperor  Charles  V.,  14 

Encaissement,  French,  2, 4 

Engineering  News  pile  formula,  see  For- 
mula for  bearing  piles. 

Engine  horse-power,  Seaton's  formula  for, 
37S 

Engines,  gasolbe  tug,  383 

—  and  derricks,  guide  piles  as  a  support 
for,  7> 

—  for  gasoline  boats,  reliability  of,  365 

—  for  steam  tugs,  375 

English  vs.  German  cement,  517,  531 
Estimate  of  cost  of  pneumatic  caissons  for 

railway  piers,  693,  701 
of  two  piers  and  abutments  in  Puget 

Sound, 699 
Estimates  and  costs,  method  of  arriving 

at,  693 
— ,  factors  in  making  cost,  689 

—  for  foundations,  693 

^,  table  of  cost  of  forms  for  preliminary, 

693 
— ,  things  to  be  considered  in  making,  690 
Estimating  cost  of  concrete  forms,  difficulty 

of,  665 

—  —  of  material,  690 
Estuaries,    See  Rivers. 

European  work,  elalxH'atc  construction  of 

cylinder  piers  for,  159 
Ewart's  cast-iron  sheet-pile,  761 

—  modified  sheet-pile,  763 
Excavating  on  rivers  by  sand  or  gravel 

diggers,  33, 306 

—  qxx>n,  23 

Excavation  by  wet  blow-out,  115,  245 
Experimenting  in  borings  for  foundations, 

when  not  reliable  in  original  soundings, 

106,  128,  190,  193,429 
Experiments  with  various  forms  of  stariing, 

439  ff 


■    574 

piles,  73,  7S,  109,  II 

Failure  of  crib  coffer-dams,  1$ 

sheet  pile-coffer-dam,  138 

—  of  foundations,  49a 
Faraday,  Pr<rf.,  767 
Fay,  Frederic,  H.,  S4 
Featherstone  dredge,  333 
Feed- water  pumps,  94, 346 
Field,  W.,  746 
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Ftoatmg    driver,    detafls   of    boileT    and 

engine  for,  70 
for  use  on  government  work,  plans 

of,  67 

,  protection  of,  below  water  line,  70 

—  pile  driver,  detailed  q>ecifications,  U.  S. 

Engineers,  769 
Follower  for  piles,  79,  301,  301,  638 
Footing  com 


Footings,  calculation  of  stiengtfa,  459,  484, 
491 

—  reinforced  concrete,  49* 

^,  retaining  walb  and  piers,  calculation 

o(,  459. 4843 
Forces  acting  croaswise  of  piers,  4S4  B 

lengthwise  of  piers,  4S4  fi 

transversely  of  piers,  4S4  S 

Form  removal,  lime  limits  for,  68j  ff 

—  shoring,  method  of  removing,  687 

—  — ,    precautions    to    be    observed    in 
removing,  68  7 

Forms  and  centers,  general  requirements 

(or  removal,  683 
— ,  arch  center,  method  of  removing,  688 

—  for  concrete,  made  from  drawings,  658  S 

—  — ,  precautions  to  be  taken  during 
freezing  weather,  685 

,  removed  at  contractor's  risk,  684 

sewer  work,  668 

—  for  Green  river  dam,  683 

—  for  retaining  walls,  511 

—  tor  slabs,  beams  and  girders,  686 
— ,  manner  of  removing,  685 

— ,  method  of  removing  shores,  687 

—  of  starling,  437 

— ,  precautions  for  removing,  687 
— ,  removing  wall,  687 
Formula  for  bond  unit-stress  in  horizontal 
reinforcing  bars,  495 

—  for   calculating   retaining   walls,  joi  ff 
-^  for  maximum   vertical  shearing   unit- 
stress,  45  S 

—  for  pile  loads,  Wellington,  72,  77 

—  for  timber  columns,  in,  573 

—  for  water  pressure  on  sheet-piles,  no 
— ^pressure  on  piers,  4S6  ff 

foundatiiH)  beds,  491 

—  bearing  piles,  7a,  77,  rop 

Fort  Madison  bridge  pivot  pier,  3 1 

Foundations: 

Foundation  and  dam,  preventing  accumula' 

tion  of  water  between,  595 
— ,  Assuan  dam,  rock  notched  to  prevent 

sliw>ing,  591 

—  bottoms,  core  borings  for,  419 


Foundation,  Crobxi  dam,  andior  i»ta, 
501 

—  for  dry  dock  at  Puget  Sound  Navy 
Yard,  631 

—  of  ancient  bridges,  3 

—  of  caissons,  Antwerp,  Bdgium,  ^ipa- 
ratus  employed  to  determine  c^todty 
of,  615 

—  of  Sute  Capitol,  Albany,  N,  Y.,  409 
— ,    Snoqualmie    river    dam,    difGculties 

encountered,  5S8 
Foundations,  allowable  pressure  on  deep, 
discusaon  of,  by  Elmer  L.  Corthell,  411 
— ,  allowance  tor  consolidation,  624 
— ,  Arthur  Kill  bridge.   Boiler's  descrip- 
tion of,  116 

,  care  in  prq>aiation  of,  i 

— ,  character  of,  dqiendent  upon  beating 
capacity  of  sinl,  409,  491 

,  cA  stone  used  in,  635 

— ,  conq>Tesaed  air,  no,  330, 135, 610 

— ,  concrete,  simple  method  of  depositing 


191,: 


t,386 
by    compressed-air 
33s,  <"° 
to  jet  piling  in  bridge, 


—,  depth 

— ,  different  kinds  of  bottoms  encountered, 

38s  ff,  409,  491 
— ,  experimenting  in  borings  for,  wfaoi 

not  reliable  in  original  soundings,   to6, 

128,  191,  193 
— ,  failure  of,  490 

—  for   bridge  piers   and   abutments,  i  ff 

—  for  dams,   seawalls  and  breakwaters, 
5863 

—  for  docks  and  locks,  6a8  ff 

—  for  dry  docks,  difficulties  encountered 
in  buikUngs,  683  S 

—  for  piers  and  wharv'es,  543  ff 
— ,  historical  features,  of,  13 

— ,  log  cribs  employed  for,  beneath  water, 

23,  36,  587 
— ,  London  bridges,  416,  6tt 
— ,  method  of  handling  materials,  396 

—  must  be  deep  enough  to  prevent  acour- 
ing  out,  loB,  586 

—  of  buildings,  steel  sheeting  for,  168 

—  of  retaining  walls,  509,  510 

— ,    open    dredged    timber    ratwnni,    fee 

deep,  is6, 183,  i8g,  190, 193 
— ,  origin   and  deveh^nnent  of  fourmetfa- 

—  over  American  riven,  early,  s 

— ,  proper  lighting  of,  for  night  crews,  40.1, 

405,406 
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Foundatioiu,  Rjgmortcs'   vptoa   for  pre. 

paring,  14 
— ,  rdnforced 
— ,  rock  fill,  and  quarries,  460,  5oi,  618  fF, 

713.  726 
— ,  safe  load  on,  409,  411,  491,  610,  615, 

— ,  seawall,  used  of  riprap  rock,  477,  460, 

601.  61S 
— ,  steel  shells,  use  of,  156,  161,  179 
— ,  sub-aqueous,  Kinipple.  137 
— ,  table  ol  approximate  cost,  69a 
— ,  thickness  of  metal,  159,  iSo,  135,617 
— ,  use  of  riprap  tor,  460,  477,  601,  613, 

TS,  7)6 
— ,  Vittuvius'a  methods  Ibr,  13 
— ,  Weilinjfton's  formula  for  pile,  Ji,  77 
Founding   of   intet    tower   in   Missis«ppi 

river  at  St.  Louis  water  works,  45 
Four-cyltndergasoline  tug  engines,  36s 
Four  methods  of  founding  piers  in  water,  1 
Fowler,  C-.  E.,  36,  3i,  no,  183,  190,  193, 

JK>,  176,  307,  331,  343,  360,  370,  460, 

477,  491,  530.  54°,  543.  S44,  5Si.  5SS, 

S6s,  S66.  SM,  587,  597, 618, 650,  658  ff, 

760 
Fowler,  Sir  John,  i6a,  335 
Fowlers'  friers  for  Northern  Pacific  railway, 

183 

—  dipper  dredges.  Set  Dredges. 

—  discussion  of  concrete  proportions,  511 

—  formrf  for  concrete  skew-back,  White 
Pass  fc  Yukon  railway,  665 

—  formula  for  safe  load  on  foundations,  491 

—  log  crib   tor  placing   concrete  pipe, 
described,  36 

—  patent  piers,  forms  for,  Tacoma  bridge 
660 

—  proportions  tor  Portland  concrete,  530 
Fraser  river  bridge,  B.  C,  piera  for,  de- 
scription of,  189 

Frazer,  Cecil,  273 

Friction  on  caissons,  198,  208,  209 

—  on  cylinders,  208 

—  on  piles,  81,  109,  202,  108 

Friestedt   patent   metal   sheet-piling,   de- 
scription of,  167 
Froude,  R.  E.,  367 
Froude's  formula  for  propeller  tests,  368 


Gasoline  diaphragm  pumps,  2S5    . 

—  launches,    economy    of,    for    carrying 

supplies,  358 


Gasoline  lug  engines,  tour-cylinder,  365 

—  tugs,  economical  use  of,  for  towing,  360 
General  expense  to  be  included  in  cost.  690 
German  vs.  English  cement,  517 
Goss,0.  P.  M.,s8s 

Government  river  dikes,  method  of  figur- 
ing costs,  725 

—  work  at  Keokuk,  Iowa,  40 
Graf,  Mr.  Anton,  256 
Green  river  dam,  587 

^ ,  forms  for,  683 

Grillage,  31,  183,  275,  276 

Grinding  of  cement,  516 

Ground,  nature  of,  409,  491 

— ,  geological  nature  of ,  Kobedry  dock,  636 

—  nature  of,  in  Puget  Sound,  650 
Guide-piles  as  a  support  for  engines  and 

derricks,  71, 142 


Hall,  Julian  A.,  36 

Hall,  J.  E.,  313 

Halley,  Dr.,  14,  254 

Hammers,  various   types  of,  56,  58,  59, 

60  fl,  78,201 
Hand  dredge,  23 
—  pumps,  283  ff 
Hartx>rs.    See  Rivers. 
Hartley,  John  B.,  761 
Harts,  Maj.  Wm.  W.,  673 
Hawkins,  E.  C,  665 
Hay,   use   of,   to   stop   leaks   and   secure 

water- t!ghtnes8,39 
Heald  and  Sisco  hydraulic  dredging-  and 

sand-pumps,  198 
standard  iron,  horizontal,  centrifugal 

pumps,  298 
Hendy  hydraulic  elevator,  186,  197 
Hering,  Rudolph,  121 
Heuer,  Maj.  W.  H.,  73S 
Hibbs,  Frank  W.,  S7S 
Historical  development,  i 
Hobnes,  H.  W.,  88,  665,  719 
Hcppcr  dredges.    See  Dredges. 
Hopson,  E.  G.,  679 
Horizontal   reinforcing  bars,   formula  for 

bond  unit-stress  in,  49J 
Horse  power  hoisting  engine,  59, 407 

pile-driving,  s8,  397 

Hours  of  labor  on  caisson  and   tunnels, 

where  compressed  air  is  employed,  231 
Hoxie,  Maj.,  R.  L.,  35 
Humboldt  Bay,  Cal.,  breakwater,  478 
Hydraulic    dredging-    and    sand-pumps, 

Heald  and  Sisco,  398 
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Hydraulic  elevators,  iS6,  19S,  201 
,  Hendy,  for  dredging,  186,  ig? 

—  mortars,  Vicat's  discovery  of  the  prop- 

—  ^wde,  use  of,  on  Forth  bridge,  J46 

I 
lUinois  and  Misdssippi  canal  lock  walls, 

rules  for  constructing,  jgi 
Improved  form  of  pile-driving  derrick,  j6 
Inch-Garvie  caissons,  sinking,  348 

—  piers,  163,  JJ5,  248,  251 
Inlet   tower   in   Mississippi   rivn,   at 

Louis  water  works,  founding  of,  45 
Interior  drainage  system.  East  Park  dam, 

Cal.,  683 
IroD  shect-iHling,  Brunswick  nbarf,  765 
.Sibley,  763 


Jameson,  C.  D.,  516 

Japanese  bamboo  casings,  a 

Japp,  Henry,  2a6 

Jet  piling,  depth  necessary  to,  in  bridge 

foundations,  108 
Jets,  attaching  to  piles  01  leaving  loose,  91 

—  use  of,  from  pile-driver  or  pump  scow 
give  brat  results,  107 

Jetties,  order  of  construction,  G26 
— ,  use  of  large  rock  in  rebuilding  break- 
water, at  Humboldt  Bay,  Cal.,  478 
Jetting  piles,  127,  133,  143,  igr,  201 
Johnson,  A.  L.,  571,  573 
Joints,  clay  bags  tor,  165 
— ,  concrete  bags  for,  165 

—  in  walls,  S12 
Jones.  A.  W.,  220,  225 
Jones,  Maj.  W.  A..  13:1 
Joigenson,  Mi.  L.,  594 


Katte,  Walter,  75° 

Kawasakc,  Mr.  Sbozo,  633,  634 

Kawasaki,  Mr.  Yoshitaro,  G34 

Keepers,  Henry,  138 

Keokuk,  Iowa,  government  work  at,  4 

Kinipple,  W.  R.,  137 

Kobe  dry  dock,  631  ff 

Kobe    dry    dock,    geological    naturi 

ground,  636 
Kutter's  fonnula,  150 


Labor,  cost  of,  658  ff,  689  ff 
Labor  and  material,  judgment  in  estimat- 
ing cost  of,  689 


Lackawanna  sted  abeet-piling,  171 

^  —  —  ^-,  efficiency  of,  176 

Lackey,  Oscar  F.,  561 

Ladder  dredges.    Ste  Dredges. 

I.ake  Washington  canal  lock,  methods  of 
constructing,  654 

Lancaster  dredge,  302 

Lansdell  siphon-pump,  3S6 

Lathes  for  turning  stone,  4  58 

Launches,  gasoline,  economy  of,  for  carry- 
ing supplies,  3SBff 

Launching  ways,  194,  21],  i2t,  735,  342 

Leaks,  precautions  to  prevent,  35,  203 

Le  Fevte,  H.  P.,  130 

Lidgerwood  pile-driving  derrick,  diagonal 
bracing  used  in,  59 

—  hoisting  engme,  table  of  sizes,  407 
Lighthouse  cylinders,  construction  of,  160 
Lighting  of  foundations  for  night  crews 

proper,  403,  405,  406 

List  of  comi^ete  out&t  of  rock-drill  plant, 
46S 

Locating  caissons,  137 

Locating  crib  for  piers,  100 

Location  and  design  of  piets.    See  Piers. 

— ,  bridge,  thorough  examination  of,  nec- 
essary, 12S,  191,  193,  426 

Lock  baia  for  re-enforced  concrete  wwk, 
176 

—  forms,  Cumberland  river,  shoring  and 
bracing,  676 

— ,  Lake  Washington  canal,  Seattle,  649 

—  walls,  concrete,  Cumberland  river,  con- 
struction and  cost,  672 

Locks  and  docks,  foundations  tor.    Ste 

FoundatioDS. 
^  for  materia,  215,  237 
Locomotive   and   other  boilers,  dzes  and 

c^iacitiCE,  94 
Log  crib,   Fowler's,   for  placing   concrete 

pipe,  described,  36 

—  cribs  employed  for  foundations  be- 
neath water,  23 

London,  bridges,  foundations  ol,  416 


Machine,  well-drilling,  426 

Machinery  for  clo^ng  dump  scows,  jro 

Machines  for  planing  and  dresung  nuirtiles, 

458 
MacLean,  K.  D.,  S55 
MacLean's  concrete  socket  pile,  555 
Manufacture  and   placing  of   tubes  for 

piers,  is8S,i79ff 
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Muioe  boilet,  308,  346, 370,  384 
Marion  dipper  dredge,  331 
Marshall,  W.  L.,  1151,391 
ManiU,  Sarauru,  644 
Masonry,  allowable  pressure  on,  4gi 

—  seawalls,  care  to  be  exercised  ID  con- 
structing, sg7 

,  in  New  York  harbor,  the  many 

designs  of,  6ao 

—  specibcations,   eitracts  from   Katie's, 
7S« 

—  structures,  footings  important  dement 
in  design  of,  493 

(laterial,  de«cription  of,  used  St  Humboldt 
Bay,  480 

—  for  bicakwaten,  methods  of  placing, 
618 

—  locks,  jis,  837 

Materials  used  in  producing  tightness,  39 
Matbews,  Mr.,  760 
Matsukata,  Mr.  Kojira,  634 
Matthew's  cast-iron  sheet-pile,  761 
Maximum  diagonal  tensile  stresses,  values, 

495 
tension,  values  of,  49s 

—  timber  strength,  S77 

—  limit  for  driving,  354 

—  vertical  concrete  shearing  unit-stress, 
formula  for,  495 

May,  E.  H.,  665 

McAlpine,  W.  J.,  409 

McCldlan,  Gen.  Geo.  B.,  91 

McGlashan,  G.  D.,  339 

McIndoe,J.  F.,  67 

McKieman-Tcny  core  drill,  433 

McNyler  locomotive  cranes   witii    Vulcan 

steam  hammer,  663 
Measurement   and   supervision   of   work, 

CHiio  river  movable  dams,  741 
Measuring  concrete  resistance  to  diagonal 

tension  failure,  501 
Medical  air  lode,  3Z6,  333 

—  regulations  on    caissons  and    tunnels, 
where  compressed  air  is  used,  333 

Mdgs,  Montgomery,  40 

Melan  Arch  bridge,  Topeka,  Kan,  138 

,    extracts    from    specifica- 

ticms,  74S 
Meisereau,  C.  V.,  46 
Metal  concreting  bucket,  description  o^ 

used  on  Coosa  river,  387 

—  M^er-dams.    See  Co&er-dams. 

—  conBtruclion,  156  B,  167  S,  179  ff,  153  B, 
610  ff,  760  ff 

—  cylinders,  as  concrete  casing,  need  not 
be  water-tight,  158, 179 


Metal  cylinders  for  pivot  piers,  159 
,  strength  of,  162 

—  diaphragm,  cylinder  piers  with,  159 

—  forms    for     concrete,    description     • 
661 

for  cimcrete  piers,  re-use  of,  661 

~-  foundations.    See  Foundations. 

—  lift  pumps,  384 

—  sheet-piling.    See  Sheet-piling. 
— ,  ariicle  on,  760 

,  Friesledt  patent,  descriptioi 

167 


of, 


Lackwanna,  171  ff 

,  Jones  6  LaughUn,  1748 

— .other  types,  1758 

,  eariy  types,  760 

protected  by  concrete,  89 

Method    of    arriving    at   cost   of    labor, 
689 

—  of  wcH'king  rock  quarry,  460 
Methods  and   cost  of  constructing  Fast 

Park  Dam,  Cal.,  670 

—  of  constructbg  Lake  Washington  canal 
lock,  654 

Mineralogical  composition  of  stone,  44S 
M'Intosh,  Mr.,  764 

Mixing  concrete,  method  of,  385  S,  785 
Modifications    of   Nasmyth    steam   [ule- 

haromer,  61 
Modjeski,  Ralph,  no 
Modulus  of  rupture,  values  for  concrete, 

496 
Molded  concrete  piles,  forms  for.  Si,  89, 

667,  710 
Morison,   GeMge  S.,   314,  379,  416,  436, 

459 
Morison's  descripti<H)  of  dedgns  of  piers, 

436 
Mortar  and  concrete,  materials  for,  3S5, 

783 

—  and   mortar  materials,  spedfications 
fof,  38s,  783 

Mortars,  compositioo  of,  787 

Movable   dams,    Ohio   river,   supervision 

and  measurement  of  woik,  742 

Kanawah  river,  33,  64s 

Yakima  river,  568 

,   specifications   for  cofler-daras  and 

foundations,  Ohio  river,  735 
Mud  scraper  for  soft  or  porous  material, 

used  on  Cinti.  &:  Mus.  Valley  rail- 

Mud-siib,  570 
Muiphy,  Martin,  159 
Mylne,  Mr.,  761 
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,  varioui  ionoa  of,  60  ff 

NewniBS,  Jerome,  544 

New  YoA  Stale  CaiwI  work,  pDe-<]riviiig 

an>aratua  used  oa,  71 
Niet,  J.  W.,  419 
Northern  Pacific  railway.   Fowler's  piers 

for,  tSj 


Oakes,  J.  C,  138 

Octagonal  single-walled  dams,  ;□ 

—  caissoDs,  183 

Oats  to  stop  leaks  and  secure  water-tight- 
ness, 39 

Ohio  river,  138,  141,  412,  735,  74^ 

box    coRa-dam,   construction   and 

failure,  141 

Okamura,  Jinzo,  644 

Open  dredged  timber  caissons,   183,   189, 
190,  193 

Orange-peel  buckets,  379,  302,  305,  307 

,  Rickard'a,  302,  305 

,  Lancaster,  30J 

Origii]  and  develtqnnent  of  four  methods 
of  foundations,  9 

Otiewell,  Alfred  D.,  435 

OveAead  charges  to  be  tnduded  in  < 
690 

Owen  clam-shell  buckets,  ij6,  198, 305,  307 

Oxyhydrogen    blowpipe    for    underwater 
use  by  diver,  iss 


Pagnard,  M.,  614 

Panel    forms   for   concrete,    Cumberland 

river,  674 

,  failure  of,  674 

Pegram,  Geo.  H.,  29 

Perronet,  — ,  55,  109,  283 

Peterson,  P.  Alex.,  26 

Physical  characteristics  necessary  to  make 

a  success  in  diving,  253 

for  caisson  work,  231  ff,  240,  253 

Pickemell,  Mr.,  14 

Piers,  bridge: 

— ,  abutment,  Puget  Sound  Elcc.  Ry.,  565 

— ,    abutments    and    spandrels,    Top^a, 

Kan.,  arch  bridge,  74S 
—  and  abutments,  foundation  for  bridge,  1 
in  Puget  Sound,  estimate  of  cost  of 

— ,  architectural  beauty  of,  in  Europe,  437 


Piere,  architectural  beauty  of,  in  United 

Stales,  436 
— ,  calculation  of  stability,  437, 484 

-  bearing,  491,  615 

-  footings,  4S9.  49* 

-  offsets,  459 

-  sheet-piling,  no 

— ,  calking  limber  woA.  of,  185,  189, 190, 

196,  214 
— ,  ciiannel,   effect   of,   on   vdodty  and 

flow  of  water,  437 
— ,  circular  granite,  163 

—  constructed  in  silt  and  fresh  water,  565 

—  —  of^Jiling  and  sawed  timber,  565 
— ,  cost  of  material,  566 

~,  cylinder,  cribs  for,  183 

-,  details  o(  manufacture  and  plac- 
ing.'79 

elaborate    construcd<m    of,    lu 
European  work,  159 

— ,  placing  on  solid  rock,  183 
-,  ^,  supporting,  on  soft  ground,  183 

— ,  with  metal  diaphragm,  159 
-,  draw.  31, 47,  49,  50, 123.  '59.  iT'.'Sj, 
1S9,  190,  193,  211,  273,  176,  5SJ,  s6s 

,  for  Northern  Pacific  railway,  de- 
scription of,  183 
— ,  double-cylinder,  ijo,  1798,  1938 
— ,  effect  of  wind  pressure  on,  4S4 
— ,   footings  and   retaining   walls,   calcu- 
lation of,  482 

—  for  bascule  bridge  in  Seattle,  123 
— ,  forces  acting  crosswise  of,  4S4 

-  lengthwise  of,  484 

-  transversely,  488 

—  for  Fraser  River  bridge,  B,  C,  descrip- 
tion of,  189 

— ,  founding  in  water,  four  methods  of,  > 
— ,  Fowler's,  for  Northern  Pacific  railway, 
183 


-,  Inch-Garvie,  163,  235,  248,  251 

-,  investigating  direct  crushmg  of,  490 

-,  locating  crib  for,  200 

Lissons,  237 
-,  location  and  design  of,  414  S 
-,  made  water-tight    by   boiler-riveting, 
156,  185,  189,  190,  196,  214 
-,  metal  cylinders,  159  ff,  179  ff 
— ,  tor  pivot,  159 
~,   Morison's  description  of  des^ns  of, 

436 
— ,  oblong  steel  shells  for,  15O 
— ,  <^sets  to  seauc  a  large  Imae,  459 
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Piers  of  KniHcville  steel  arched  cantilever 

—  of  old  steel  bridge  at  Portland,  Ore.,  i&o 
— ,  old  bridge,  description  of,  at  Tacoma, 

Wn.,  176 

— ,  t^ien  dredged,  156, 183, 189, 190, 193 

— ,  plant  for  sinking,  305.  215,  J32,  345, 
2&3  ff,  388,  391,  S33 

— ,  pneumatic  process,  14,  21,  aioff,  iioS, 
13s  ff,  253S,6ioB,  ;oiff 

— ,  pneumatic  process  for  sinking,  earliest 
use  of  in  United  States,  21 

— ,  pressure  due  to  currents,  487 

— ,  quality  of  piling  and  timber  used,  566 

— ,  Raging  liver  bridge,  manner  of  con- 
structing, 570 

~,  railroad  cylinder,  139, 179 

— ,  Russian,  437 

— ,  removal,  371  IT 

— ,  removal  of  pivot,  in  Coosa  river,  Ala., 
description  of,  J73 

— ,  safe  toad  for  materials  in,  491 

under,  491 

— ,  stones  most  used  in  constructing,  445 

—  sunk  by  compressed  air,  14,  ji,  aio, 
IJO,  23s,  253,  610 

— ,  tubular,  156,  179 

— n,   United    States  government   require- 
ments regarding,  424 
Kcrs  (or  wharves); 

—  at  Puget  Sound  Navy  Yard,  S44.  SSS 
;o8,  713,  7'S 

— ,  Baltimore  jetty,  560 

— ,  concrete  deck,  Brooklyn,  cos 

struct] on,  54S 
— ,  creosoted  pile  and  reinforced 

cost  of  maintenance,  S43 

—  for  small  vessels,  timber  used  for 
structing,  542 

— ,  foundations  for,  543 

—  in  New  York  City,  method  of  construc- 
tion of  new,  S46 

—  No.  4,  Puget  Sound  Navy  Yard, 
71S 

—  No.  5,  Puget  Sound  Navy  Yard,  cost, 
70S 

—  No.  8,  Puget  Sound  Navy  Yard, 
713 

—  of  creosoted  piles,  Fort  Ward,  cost,  706 

—  on  creosoted  piles  and  reinforced  con- 
crete, comparative  value  of,  543 

—  or  wahrf,  conditions  to  be  observed  in 
making  estimates,  706 

— ,  scdid  or  jetty,  at  Brooklyn,  503 
— ,  timber,  depreciation  of  in  salt  water, 
543 


Piers,  wharf,  Tacoma,  Wn.,  cost,  707 
Pile-driver,  bull- wheel,  56 
— ,  — ,  cost  of,  60,  6g4,  696 

,  floating,  cost,  69s 

,  floating,  detailed  specifications,  U. 

S.  Engineers,  769 
Pile-driving  and  sheet-piles,  SS 
apparatus  used  oa  New  York  Slate 

canal  work,  71 

derrick,  55  B,  694,  696,  769 

,  cost  of,  60 

,  improved  form  of,  56 

,  primitive  form  of,  SS 

outfit,  cost  of,  60,  694,  696 

—  hammer,  s6,  s8 1  59, 6off,  78,91,191,101 
,  Naamyth,  14,  60  ff 

—  loads,  Wellington's  fonnula  for,  72,  77, 
109 

—  shoes,  75.  80,  138 

to  secure  water-tightness  on  Victoria 

docks,  B.  C,  138 
Piling  and  sawed  timber,  ]»ers  constiucted 

of,  s6s 

—  and  timber  used  in  piers,  quality  of, 
566 

— ,  creosoting  green  and  seasoned,  5806, 
790 

—  in  the  United  States,  timber  used  for,  76 
— ,    specifications    for    creoeotlng    water- 
soaked,  789 

Files  as  columns,  75, 109 
— ,  attaching  jets  to,  or  leavii^  loose,  91 
— ,  charred,  for  loose  or  marshy  ground,  13 
— ,  concrete,  83  ff,  SS«.  SS3.  S6'.  667,  710, 

711,717 
— ,  —  capping  for,  4,  193,  551 
— ,    — ,    molded,    corrugated,    used    for 

bascule  bridge,  553 
~,  —  socket,  SS3 
— ,  ecmstruction  with  sheet,  iioff 
— .  corrugated,  82,  551,  710,  711,  717 
— ,  cost  of  driving,  695,  703,  706,  707,  708, 

710.  7»3,  7>6.  717 
— ,  cost  of  cutting  off,  69s 
— ,  creosoted,  for  bracing  timber  piers,  use 

of,  543 

—  cutting  off.  14,  ISO,  3«.  *SS.  69s 

— ,  danger  of  brooming  or  shattering  in 

driving,  78 
— ,  different  forms  of,  88 

—  driven   butt   downward,  objectionable. 
So 

— ,  driving  in  soft  material,  80 
— ,  early  use  of,  2,4,55 
— I  friction  on,  81.  109,  joi,  ioB 
— ,  gage  or  standard,  7 
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Piles,  jetting,  giff,  la?,  133,  143,  191,  aoi, 
695,709 

— ,  pier  of  creosoted,  Fort  Ward,  cost,  706 

— ,  pre-cast  concrete,  for  permanent  con- 
struction. Saff,  ssj,  553,  561,  667,  710. 
7".  717 

— ,  pulling,  methods  of,  81 

— ,  reinforcing  corrugated,  88,  551,  710 

— ,  saw  for  cutting  off,  under  water,  14, 159 

— ,  sheet  and  round,  manner  of  checking 
up  cost  o(  driving,  694 

— ,  siw  of,  77 

— ,  tight-bark,  as  protection  against 
teredo,  77 

— ,  water  jets  tor  sinking,  gifi,  117,  133, 
143,  191,  »!,  69s,  703 

Pivot  piers.    See  Draw  piers. 

,Fort  Madison  bridge,  31 

,  metal  cylinders  (or,  139 

Planks,  sheet-piting  fonned  of,  74,  117,  i3g 

Plant  for  foundations,  105,  315,  218,  aJi, 
a4S. '83  8.388,392,  533 

—  for  sinking  pier?,  205, 115,  ziS,  azz,  245, 
2838,388,393 

— ,  rock-drill,  list  of  comi^ete  outfit  of,  468 
Pneumatic  caissons.    See  Caissons. 
,  Vancouver  bridge,  cost,  703 

—  process  for  sinking  piers,  eariiest  use 
of  in  United  SUtes,  31 

—  work,  Antwerp,  Belgium,  seawall,  di- 
menskinsof,  617 

,  compressors  for,  243,  794 

Poirel,  — ,  14 

Polishing,  rubbbg  stone  smooth,  prepar- 
atory to,  658 

Fdygcnal  dam  ao  the  Arthur  Kill  bridge, 
49 

Pontoons  for  canying  Boating  pipe  line, 
348 

Portland  and  natural  cement,  manti- 
facture  of,  in  U.  S.,  515  S 

—  cement,  first  real,  515 

,  U.  S.  government  ^jecifieations,  775 

— .  concrete,  proportions  for,  523  ff 

Potts,  Dr.,  21 

Powell,  Maj.  C.  F.,  report  of  operations 

of  engineering  department,  Dist  of  Col., 

530 


7".  717 
Precautions  for  removing  forms,  687 
^  to  prevent  leaks,  35 
Preserving    limber,   various   methods   of, 

S&Jft.  789 
Pressure  due  to  currents  at  {Hers,  487 


Pressure  of  dry  and  wet  clay,  1 10 

—  of  water,  formula  (or,  504 

— ,  pump,  importance  of  avoiding  loss  of. 


367 

—  trials,  Froude's  formula  for,  368 
Propellers  for  motor  boats,   sdectkm  erf, 

important,  365 
Proportioning  materials  In  ccmcrete,  522  ff, 

784  fl 
Proportions  of  concrete,  521 
Puddle  and  water  pressure,  no 

—  chambers,  26,  39 

Puget  Sound  Navy  Yard,  cost  of  Pier  No. 
4,  7'S 

,  of  Pier  No.  5,  708 

,  of  Pier  No.  8,  713 

,  foundations  tor  dry  dock,  632 

—  — .  piers  at,  544,  555 

—  —  —  — ,  seawall,  597,  59S 
Pulsometer  vacuum  pump,  287 
Pumping  and  dredging,  3B3 

—  [rfant,  cost  of  operating,  695 

for  cribs  sunk  to  great  depths,  108, 

186, 193 
Pumps,  bascule,  283 
— ,  chaplet,  383 
— ,  diaphragm,  a8s,  j86 
— ,  double-suction,  290  ff,  296,  340  ff 
— ,  dredging,  206 
— ,  Emerson  foundation,  290 

—  for  pier  sinking,  186,  19S,  219,  383  ff 

—  for  pile-driving,  wie  of,  92  ff 
— ,  hand, 283  ff 

— ,  Heald  &  Sisco  hydraulic  dredging-,  and 
sand,  298 

— ,  Hendy  elevator,  186, 198 

— , standard  iron  horizontal,  cen- 
trifugal, 29S 

— ,  importance  of  avoiding  loss  of  prea- 


— ,  Maslin  ai 

— ,  metal  lift,  284 

— ,   number   of   revolutions   of,   to   raise 

waler  to  different  heights,  30a 
— ,  pulsometer  vacuum,  287 
— ,  steam-siphon,  285 
— ,  tests  of,  293 
— ,  various  kinds,  used  on  ancient  bridges 

383 
— ,  vertical  centrifugal,  advantageous  foe 

submerged  work,  396 
— ,  wooden-boi  lilt,  284 
Putdon,  C.  D,,  39,  389 
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QuallEcatiors,  necessaiy,  for  diver,  153 
Quantities    of    materials    rammed    con- 
crete, Uble,  533  ff 
Quarries  and  rock  fill  foundations,  460  fF, 

477,  6qi,  618  ff,  725,  716 
Quarry  daily   report,   Waterman,   N,   P., 

railway,  735 
— ,  rock,  method,  of  woricing,  451  ff,  460  ff 
Quarrying   granite,   limestMie,   sandstone, 
marble,  451 

—  riprap  rock,  method  of,  460 

'-  stone,  cLanneling  machines,  451 

,  effect  of  method  of,  430 

Quay  waU,  rdnforced  concrete,  Bremerton, 
Wn.,  etimate  of  cost,  724 

Queensferry  caissoiu,  accident  during  sulk- 
ing of,  Z43 

—  piers,  record  sinking,  149 
Quicksand,     steel    sheeting    hx    inking 

mine-shaita  through,  168 


Railroad  cylinder  {uers,  159,179 

Railway  cuttings,  formula  for  walls  {or,  SOJ 

—  dock,  Vancouver,  concrete^teel,  cost, 
7ir 

—  piers,  estimate  for  ei^t  dredged  cais- 

Rankine,  Wm.  IdcQ.,  top,  506 

Rankine's  formula,  506 

Ransome  mixer,  J03,  106,  531,  534,  676 

—  mixers,  c^Nicities,  weights  Uid  dimen- 
sions, S3a 

Raymond  pile,  88 

Rectangular  mdded  oxicrete  piling,  £q, 
56 1 

Regcmortts, — ,  14 

Regemortes'  apron  for  pnparing  founda- 
tions, 14 

Rrin  forced  concrete  footings,  491 

Removal  of  forms  and  centers,  6836 

—  ol  pivot  pier  in  Coosa  river,  Ala., 
description  of,  173 

— Tacoma  piers,  276 
Removing  arch  centers,  687 

—  form  shoring,  method  of,  687 
,  precautions  to  be  observed  in,  687 

—  forms,  manner,  of,  68s 

—  hard  and  soft  rock,  cost  of,  314,  iij, 
460  ff,  735 

—  or  repairing  old  piers,  371  S 
Rendle,  George  T.,  si 
Rennie,  Sir  John,  i8,  so,  11 
Rennie's  improved  diving  bell,  18 


Renwick,  W.  R.,  46 

Repairing  old  piers,  270 

Ke^^ting  moment  d   iciilfoiced  concrete 

Retaining  walls,  calculation  of  stability, 

484  fi,  S03  ff 

,  concrete  for,  proportions,  511 

,  effect  of  weight  of  buildings  on,  508 

,  equilibrium  of,  306 

,fonnsfor,  511,663,  665,703    ■ 

,  formula  for  calculating,  502  S 

.foundations  for,  509,  511 

,  piers  and  footings,  calculation  of,  481 

,  specifications  of  City  of  Seattle  for, 

S" 

,  water  pressure  on,  504 

Revolutions    of    pumps,    number   of,    to 

raise  water  to  different  heights,  30a 
Reynolds,  S.  H.,  24 

Rickard's  orange-peel   buckets,  30a,   305 
Riegner,  W.  B.,  137 
Ripley,  Henry  C,  619 
Riprap  for  foundations,  460,  477,  Soi,  613, 

7.5,  736 

—  placed  around  bridge  piers,  size  ol,  476 

—  rock,  method  of  quarrying,  451,  4602 

—  — ,   use   of,   for   seawall   foundations, 
460,  477,  601,  6r8 

River  dike,  Skagit  river,  Wn.,  croistruc- 
tion,  477,  7"S 

—  dikes,  government,  method  of  figuring 
costs,  725 

Rivers,  Estuaries,  Canals,  Harbors: 
Aa,  Russia,  159 
Adda,  Italy,  a 
Aldemey  Kbr.,  Eng.,  618 
Antwerp  Hbr.,  Belgium,  610 
Arkansas,  Ark.,  39, 134 
Arthur  KiU,  N.  V.,  49,  74,  116 
Baltimore  Ilbr.,  Md.,  560 
Bear,  Canada,  159 
Big  Sandy,  liy.,  138 
BIyth  Hbr.,  Eng.,  327, 338 
Charles,  Mass.,  75,  120,  387 
Chesapeake  Bay,  Md.,  gi,  lao 
City  Waterway,  Wn.,  193,  376 
Clyde,  Scotland,  6,  113,  208 
Colorado,  U.  S.,  29 
Columbia,  U.  S.,  67,  78,  310,  479,  658,. 

703 
Commencement  Bay,  Wn.,  193,  276, 660, 

703 
Coosa,  Ala,  273,  387,  401 
Cumberland,  K.y,,  673' 
Cuxhaven  Hbr,  Ger.,  167 
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Biveis,  Eituuks,  Canak,  Hubofs: 
Cuyahoga,  Ohio,  374 
Danube,  Austria,  g,  36,  39,  73,  76 
Dover  Hbr,,  Eng.,  618 
East  River,  N.  Y.,  13,  35,  36,  71,  s 

126,  399,  645 
Elliott  Bay,  Wn.,  351 
Fair  Haven  Hbc,  Wn.,  61 
Famitz,  Ger.,  371 
Forth  Estuaiy,  Scotland,  156,  163,  235, 

154 
Eraser,  Can.,  189, 190 
Great  Lakes,  U.  S.,  335 
Green,  Wn.,  36,  587,  683,  693 
Hamburg  Hbr.,  Gcr.,  602 
Harlem  Ship  Canal,  N.  ¥.,  47 
Hawkesbury,  Auatr.,  156,  1S3, 302 
Holyhead  Hbr.,  Eng.,  618 
Hucison,N.  Y.,  546 
Humboldt  Bay,  Cai.,  479 
Illinois,  U.S.,  119 
Kankakee,  III.,  119 
Ranin,  Persia,  2 
Kaw,  Kan.,  13S,  294, 402,  745 
Kobe  Hbr.,  Jf^Mti,  629,  632 
Lake  Washington  Canal,  Wn.,  123,  649, 

67a,  683 
Latah  Crk.jWn.,  718 
Litde  Bras  d'Or,  Can.,  159 
Mahonbg,  Ohio,  424 
Manila  Hbr.,  P.  I.,  477 
MaiseiUes  Hbr.,  Fr.,  61S 
Matagorda  Bay,  Tei.,  gr 
Melbourne  Hbr.,  Australia,  46 
Michigan,  V.  S.,  114 
Miami,  (Great),  Ohio,  662 
Mtsdssippi,  U.  S.,  2,  2r,  31,  40, 45,  168, 

170,  4'6,  419,  487 
Missouri,  U.  S.,  31,  409, 437 
Mystic,  Mass.,  51 
New  York  Hbr.,  197, 546, 563, 600 
New  YoA  Sute  Canal,  60,  71 
Nile,  Egypt,  59  3 
Ocmulgee,  Ga.,  171 
(Miio,  U.  S.,  25,  138,411 
Osaka  Hbr,  Japan,  619 
Panama  Canal,  341 
Passaic,  N.  J.,  63 
Plymouth  Hbr.,  Eng.,  618 
.   PortlandHbr.,  Eng.,  6tS 
Potomac, Md.,  113,  iio,  130 
Puget  Sound,  Wn.,  roo,  193,  254,  276, 

331,  370,  460,  S44,  SSS,  S97.  63*.  ^99, 

707,   708,   713.   71s.   7=4,  7ii5.  7^9ff 
Raging,  Wn.,  566 
Bamsgate  Hbr.,  &ig.,  18 


Rivers,  Estuaries,  Canals,  Harboia: 

Red  River,  Aric.,  3S9,  638 

Republican,  Kan.,  29 

Rhine,  Ger.,  3,  ss 

Sacramento,  Cal.,  679 

Sandy  Lake,  U.  S.,  91, 133 

San  Frandsco  Hbr.,  364,  SSS,  7I3 

San  Luis  Obiq>o  Hbr.,  Cal.,  477 

Sault  Ste.  Marie,  U.  S.,  39, 136 

Scheldt,  Belgium,  6ro 

Schuylkill,  Pa.,  31,  134, 628,  630 

Seattle  Hbr.,  Wn.,  544,  596, 659,  697 

Seine,  France,  13 

Skagit,  Wn.,  477,  725 

Suoqualmie,  Wn.,  588 

St.  HelierHbr.,  Eng.,  137 

St.  Lawrence.  Can.,  »j,  487 

StocktMi,  Cal.,  310 

Suez  Canal,  336 

Taff,  Wales,  156 

Tennessee,  Tenn.,  139,  »94,  313,  667 

Tacoma  Hbr.,  Wn.,  660,  703,  707 

Thames,  Eng.,  3,  14,  137, 416 

Tod  Inlet,  B   C,  36r 

Vancouver  Hbr.,  B.  C,  336, 338,  7ir 

Virtoria  Hbr.,  B.  C,  137,  33a 

Willamette,  Ore.,  279 

Yakima,  Wn.,  387 

Yaquina  Bay,  Ore.,  479 

Yuba,  Cal.,  S94 
Road  construction,  andent,  a 
Robertson,  Alfred  J.  C,  365 
Robinson,  Mr.,  31,  73 
Rock   breakers,    dam-shdl  dredges   and 

drill  scows,  307  B 

—  breaking  by  impact,  method  <rf,  333 

—  drill  plant,  care  of,  470 
,  list  of  complete  oul£t,  468 

—  drills,  cubic  feel  of  air  required  to  nir 
one  to  forty,  473 

,  prices,  wdghta,  and  ^ledfications. 

471 

,  Sullivan,  472 

— ,  equipment  at  quany,  451,  476 
— ,  manner  of  loading,  en  scows,  4G4 
•7-notcbed  to  prevent  slipping,  Assuan  dam 

foundation,  592 

—  overlaid,  273 

—  quarry,  shijcing  plant  at,  465 

— ,  removing  hard  and  soft,  cost  (rf,  324. 

337 
Roebling,  John  A.,  416 
Roman  and  other  andoot  foundations,  i 
Rourke,  L.  K.,  54 
Russell,  S.  B.,  46 
Russian  [Hera,  437 
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S&fe  k>ad  for  materials  in  pien,  491 
on  foundations,  Fowler's  formula 

Safe  strength  of  timber,  s?^ 

Safety,  factors  of,  for  bridge  and  trestle 

timbers,  574 
Salmon  Bay  piers,  697 
Salt  and  freah  water,  piers  constructed  in, 

56s 


—  pumps,  to8, 198,  aoi,  215,  345 

,  Van  Wie,  138 

Sandy  Lake  co&erdam,  133  B 

Sargent.  A.  W.,  65" 

Saw  for  cutting  oS  piles  under  wai 


't  J4, 


159 


Saws  for  cutting  stone,  456 

Scotch  marine  boiler  tugboat,  3S4 

Scott,  Addison  M.,  23,  645 

Scow  or  lighter,  estimate  of  cost,  723 

Scow,  type  of  boiler  and  engine  for,  70 

— ,  use  of  jets  from  pile-driver  or  pump, 

give  best  results,  107 
Scows  and  tugboats,  360 
— ,  cost  of,  696,  723 
— ,  design  of,  379 
—,  derrick,  3S>,jS2 
— ,  filling  seams  above  and  below  water 

— ,  grounding  of,  3S0 
— ,  machinery  for  closing  dump,  310 
— ,  manner  of  loading  rock  on,  464 
— ,  material  required  to  construct,  379 
— ,  ^>eci6cations  for  constructing,  382,  769 
Scraper  dredge,  23 

—  for  caisson  bottoms,  la 

Seaton's  formula  for  marine  engine  horse 

power,  375 
Seawall,  Antwerp,  Belgium,  dimensions  of 

pneumatic  work,  617 
,  typesot  air-locks  used  on  the,  6j2 

—  —  — ■,  itemized  cost  of,  616 
— ,  cost  of,  604,  616,  734 

—  at    Hamburg,    pile-and-grilling    sub- 
structure, 606 

—  foundations,  use  of  riprap  rock,  477 

— ,  Puget  Sound  Navy  Yard,  597,  598,  714 
Seawalls  at  Antwerp,  Belgium,  design  and 
construction  of,  610  (! 

—  at  Hamburg,  Germany,  reconstructing 
to  accommodate  large  vessels,  60 j 

—  breakwaters  and  dams,  foundations  for. 
Sfc  Foundations. 


structing,  597 

,  in  New  York  harbor,  the  many 

designs  of,  600 

— ,  numerous  ideas  and  dedgns  of,  596 

Serpentine  form  of  bridges,  z 

Sewerage  system,  construction  of,  at  Fort 

Monroe,  Va.,  rso 
Sheet-pile,  Ewart's  cast-iron,  761 
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Sheet-piking,  171 

^  — ,  arched  net,  171, 173 

,  Baltimore  concrete,  563 

,  center-flange,  173 

,  Cubitt's  iron,  763 

—  — ,  driven  on  a  slant,  116 

formed  of  planks,  74 

~,  Jones  and  Ijaugblin  metal,  r74 

,  pn^>erties  of,  177 

,  Lackawarma  steel,  171 

—  — ,  Lackawanna  steel,  efficiency  erf, 

,  metal,  760- 

^,  Friestedt  patent,  description 

167 

^  ■ ,  protected  by  concrete,  89 

,  straight-web,  171,  172 

,  successful,   notable  example  of,  on 

Northern  Pacific  railway,  113 

— ,  thickness  of,  75 

,  trouble  in  securing  tightness  in,  1 29 

,  V-shaped  tongue-and-groove,  29,  73 

,  Wakc^eld,  14,  29,  37,  75,  ir?,  141, 

143,  651,  693 
Shoring  and  bracing,  127,  190,  196,  670 

—  forms    for    concrete    floor,    Portland 
viaduct,  666 

Sibley,  Mr.,  763 
Sibley  hon  sheet-pibng,  763 
Sidewalk  forms,  6SS 
Simplex  pile,  89 

Single  arch  bridges,  early  form  of,  2 
Sinking  piers,  14,  21,  156,  183,  189,  190, 
193,  210,  3r4,  tlo,  23s,  353.  ^'° 

—  record,  Queensterry  piers,  249 
,  Tacoma  piers,  3 1 7 

,  Columbia  piers,  199 

Sizes   and    capacities  of   locomotive   and 

other  boilers,  94,  3S4, 408 
Skew-backs,  3,  434 
Slabs,  beams  and  girders,  forms  for,  666, 

686,  693,  713,  71S,  717 
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Sluidng  plant  at  rock  quarry,  465 
Smeaton,  John,  14,  18 
Smeaton's  diving  bell,  14 

,  mtmaer  of  inking,  16 

Smiles,  Samuel,  60 

Smilh,  C.  Shaler,  573 

Smith,  Gen.  Wm.  Sooy,  at 

Smilh  concrete  mixer,  ii6,  110,  534,  654 

Snoquahnie    river   dam    foundation,    dif- 

ficulljes  encountered,  589 
Socket,  pile,  SS3,  668 
Soil,  allowable  loads  on  various  classes  of, 

4ogS,  416,  433,  491 
— ,  bearing  on,  114, 409,  4S2,  491,  SOQi  S8i5, 

610,  616,  651 
— ,   character  of    foundations    dependent 

upon  bearing  capacity  of,  409  S 
Soils,  table  of  angle  of  repose  of,  514 
— ,  weight  per  cubic  yard,  514 
Span   of  viaduct  across  Cuyahoga  river, 

reconstruction  of,  273 

—  over  Adda  river,  at  Trezzo,  2 
Specific  gravity  of  building  stone,  449 
Specifications  for  cement.  Am.  Soc.  Test. 

Materials,  755 

—  for  coffer-dam,  Lake  Washington  canal, 

—  for  concrete  ami  mortar,  U.  S.,  govern- 
n.ml,7S3 

piers,  Puget  Sound  Navy  Yard,  559 

—  (or  treosoting  water-soaked  piling,  789 

—  for  Portland  cement,  U.  S.  government, 
776 

—  (or  steel  cof(er-dams,  753 

— ,   Melan   arch  bridge,  Topeka,   Kan., 
extracts  from,  745 

—  of  City  of  Seattle  for  retaining  walls, 
Su 

—,  weights  and  prices  of  rock-drills,  472 
Stable  manure,  use  of,  to  sti^  leaks  and 

secure  tightness,  39 
Slanniford,  Charles  W.,  546 
Stonwood,  Prof.,  573 
Starling,  experiments  with  various  (onns 

of,  419 
— .  fonns  of,  437 
Steain  hammer  guides,  Amott,  67 

—  pile-hammer,  Amott-Nasmyth,  63 

—  —  — ,  Cram-Nasmyth,  6j 

,  Nasmyth,  modifications  of,  61 

,  various  forms  of,  60 

,  Warrington- Nasmyth,  6j 

—  shove!  work,  cost  sheet  of,  733,   733 

—  siphon  pumps,  285 

—  tugs,  370 

Steel  reinforced  bridges,  concrete  lor,  518 


Steel  coffer-dams,  specificationa  (or,  7S3 

—  pneumatic  caissons,  Forth  bridge,  ajs 
Antwerp,  6ro 

—  sheetmg  (or  foundations  of  buildings,  168 

—  —  (or  sinking  mine-^a(ts  through 
quicksand,  16S 

—  shells  for  foundations,  136,  163,  179 
,  oblong,  for  piers,  156 

Step  footings,  411,  459,  501 

Stephenson,  Robert,  487 

Stevens,  H.  E.,  113 

Stevenson,  Robert,  6,  73 

Stevenson,  Thomas,  618 

Stiff-leg  derrick,  307,  39*,  4^3 

Stockton  dredge  bucket,  description  of,  310 

Stone,    building,    important   qualities    to 

be  considered,  447 

— ,  specific  gravity  of,  449 

— ,  character  of,  used  in  (oundatiMis,  625 
— ,  chemical  and  mictoscpoic  cxaminatku 

of,  448      . 
— ,  color  of,  a  necessary  consideration,  447 
— ,  comparative  strength,  tables,  449,  450, 

451.  AS" 

—  crushing  and  transverse  strength  d,  449 
^,  effect  ol  abrasion,  448 

— ,   effect  o(  method   of  quaixyiog,  450 

— ,  effect  o(  temperature  on,  447 

— ,  lathes  for  turning,  45S 

— ,  machines  for  planing  and  dresang, 
458 

— ,  mineralogical  composition  of,  448 

— ,  quarrying,  by  channeling  machines,  451 

by  drills,  460  S 

— ,  rubbing  smooth,  preparatory  to  pol- 
ishing, 658 

—  rip-rap,  460,  477,  6oi,  613,  725,  726 
— ,  saws  tor  cutting,  456 

— ,  testing  of,  by  standard  methods,  44S 
Stones  most  used  in  constructing  piers,  44s 
Storing   of    cement    at    works,    Sl£,    784 

—  before  shipment,  516,  784 
Straight-web  sheet-piling,  i7r,  171 
Straw,  use  of  to  stop  leaks  and  secore 

water- tightness,  39 
Strength  of  cylinders,  160 

—  of  stone,  crushing  and  transverse,  449, 
49t 

Structures,    Otteweil's    solution    of     the 

problem  of  cost  ol,  43; 
Sub-aqueouE  foundations,  by  Kbipple,  rj? 
Submerged    work,    vertical,    centrifugal 

pump  advantages  for,  296 
Suction  dredges.    Stt  Dredges. 

—  dredging  work,  items  in  cost  of,  734 
Sullivan  air  compressor,  207,  46S,  471 
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Sullivan  diamond  drill,  439 

—  rock  drills,  468,  471 
Supervision  and   measurement  of  work, 

(Hiio  river  movable  dams,  74] 
Suf^mrting  cylinder  piers  on  soft  ground, 

183 
Su[^rting  power  ot  soils,  134,  409,  4 

491.  S«>i  5*6,  6">,  616 
Surcharged  wall,  50S 
Surveys  for  caissons,  237 
Swinging  derricks,  rigs,  for,  307  ff,  397 

—  or  pendulum  leads  desrable  for  batter 


Table  of  quantities  of  materials  of  rammed 

concrete,  513  ff 

—  of  sizes  of  Lidgerwood  hoisting  engine, 

Tacoma,  Wn,  description  of  old  bridge 

Tacoma,  Wn.,  dredged  piers,  193  S,  660, 703 

Taisner,  John,  14 

Talbot,  Prof.  A.  N.,  493 

Tarpaulins  to  secure  water-tightness,  40 

Taylor,  D.  W.,  367 

Taylor,   F.   W..  s^S,  5^6,  537,  538,  559 

Taylor,  W.  D.,  387 

Taylor  and  Thompson,  quantities  of  con- 
crete, 525  ff 

Tchokke  lock,  Antwerp,  Belgium,  614 

Temperature  on  stone,  effect  of,  447 

Teredo,  copper  paint  for  protection  against, 
70,  382 

— ,  tight-bark  piles  as  projection  agabst, 
77 

Test  borings,  to6,  113,  190,  193,  416 

Testing  cement,  methods  of,  517,  755,  776 

—  stone  by  standard  methods,  44S 
Tests  of  cement,  by  City  of  Seattle,  S3' 
, by  Maj.  Powell,  U.S.  Engineers, S3* 

—  of  Douglas  fir  and  yellow  pine  timber, 
Hibfa's  comparative,  375 

—  of  pumps,  292 
• —  of  wall  and  column  footings,  uncertainty 

Thacher,  Edwin,  1*9,  134,  138,  Sl8i  S" 

745 
Thacher's  qsedfications  for  concrete,  518 

—  table  of  quantity  of  concrete,  533,  524 
Thickness  of  sheet-piling,  75,  iiofi 
Thompson,  Sanford  £.,  S'S,  5*6,  537,  518, 

539 
Thomson,  T.  Kennard,  127 
Tbrcc-handcd  beetle,  Cresy,  ss 


Timber  caissons,  open  dredged,  1S3,  189, 

190, 103 

—  columns,  focmulie  for,  i:j,  S73 

— ,  cost  of  creosotbg,  584,  706,  707, 708 
— ,  descriptiiai  of  creosoting  process,  380, 

789 
— ,  destruction  of,  by  marbe  animals,  579 
— ,  Douglas  fir,  experiments  with  and  wilh- 

—  for  building  cribs,  183, 190, 196,  313 

— ,  Hibb's  comparative  tests  of  Douglas 
fir  and  yellow  pine,  S75 

—  piers  and  timber  preservation,  565  ft,  789 

,  depreciation  of  in  salt  water,  543,  379 

,  designing  of,  S7i 

—  — -,  use  of  creosoted  piles  for  bracing,  543 

—  pneumatic  caissons,  5,  210, 110,  235, 610 
— ,  protection  afforded  by  baii,  380 
by  creosotbg,  380 

— ,  short  life  of,  343,  379 

— ,  table  of  ultimate  strength,  377 

— ,  untreated,  destroyed   by   teredo,   343, 

579 
— ,   untreated,   unsuitable   for  deck   con- 

strucUon,  331 
^  used  for  constructing  piers  for  small  ves- 
sels, 543 

—  used  for  piling  in  the  United  States,  76 
— ,  various  methods  of  preserving,  380,  789 

—  work  of  piers,  calking,  185, 189,  196,  214 
Timbers,   bridge    and    trestle,    factors   of 

safety,  374 
— ,  strength  of  bridge  and  trestle,  371 
Time  limit  for  form  removal,  683 
Tinkham,  S.  E.,  54 
Tongue-and-groove  piling,  24,  29,  37,  73, 

73.  <i7,  ■41,143,651,693 
Tower,  inlet,  in  Mississippi  river  at  St. 

Louis  water  works,  founding  of,  43 
Tower,  Morton  L.,  478 
Towers   of    Brooklyn   bridge,   placed   on 

sand  ovwlying  bed-rock,  416 
Towing,  economical  use  of  gasoline  tugs 

— ,  by  steam  tugs,  303,  216,  338, 370 
Trfmie,  103,  !io3,  204,  303,  34s,  381,  387, 

597 
Trestles,  designing  of  timber,  571 
Triger,  M.,  21 
Tripod  derrick,  434 

Troubles  encountered  in  dock  building,  639 
Tube   or   bottom-dumping   box   used   for 

concrete,  303,  303,  304,  203,  343.  381. 

387.  S97 
Tubes,  erectton  ot,  by  e^>et)enced  work- 
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Tubes  for  piers,  tnanufocture  and  placing, 
'79 

—  with  lap  joints,  diatnetet  of,  1 79 
Tubular  piers,  156  fi,  179S 

Tugboftt,  diy-badc  Scotch  boiler,  370,  377, 
384 

—  engines,  ^>eclficat!ons  for  gasoline  and 
steam,  383 

— ,  Scotch  marine  boiler,  373,  375,  384 
Tugboats  and  kows,  35S  S 
— ,  economy  of  <q)erating  on  fresh  water, 
377 

—  fore  and  aft  engines,  370,  373,  37s 

— ,  hulls,  boiler  and  machinery,  govern- 
ment inspection,  of,  378 

— ,  small,  steeple-compound,  engine  for, 
37S 

— ,  use  of  Douglas  Rr  in  hulls,  371 

Tugs  and  scows,  use  of,  on  large  founda- 
tion works,  SOS,  «ifi>  358.  370 

— ,  crew  and  equipment  of,  required  by 
law,  J77 

— ,  gasoline,  economical  use  of,  for  towing, 
360 


Ultnnate  strength  of  timber,  tible,  577, 
United   States   Engineers,   detailed  ^>eci- 

fications  for  floating  pile  driver.  769 
government  requirements  tor  con- 
structing bridges,  424 

■ requirements  regarding  piers,  414 

specifications  for  Portland  cement, 

77S 

,  pneumatic  process  for  sinking  piers, 

earliest  use  of  in,  31 
Untreated  timber,  destroyed  by  teredo,  S79 

,  unsuitable  for  deck  construction,  551 

Uplift  pressure  in  hollow  reinforced  con- 
crete dams,  avoiding,  596 


Vacuum  process  applied   to  caissons, 

—  pump,  pulsometer,  287 
Values  of  modulus  of  rupture,  496 

—  of  the  maximum  diagonal  tension,  49^ 
Vancouver    concrete-steel    railway    dock. 

Van  Wie  sand-pump,  138 
Various   forms   of   Nasmytb   steam   pile- 
hammer,  24,  60  S 

—  typesof  hammers,  56,60, 78,91, 191,  joi 
Vertical  boilers,  397,  408 

—  centrifugal    pump,   advantageous    for 
submerged  work,  ^96 


Viaduct,  East  list  street,  Poctland,  cost, 

717 
— ,  span  of,  across  Cuyahi^^  river,  recon- 

stnictioD  of,  273 

Vicat's    discovery    of    the    properties    of 

hydraulic  mortars,  14 
Victoria  docks,  B,  C,  137 
Vitruvius,  — ,  13,  S'S 

Vitmvius's  methods  for  foundations,  13 
V-shaped  tongue-and-groove  piling,  29,  73 
Volume  of  concrete  based  on  barrel  of  3.S 

cu.ft.,  table,  517 
based  on  barrel  o(  4.0  cu.ft.  table, 

W 
Waddell,J.A.  L.,  186.  i8g 
Wakefield  sheet-pilinp,  14,  19,  37,  75,  117, 

14',  143,651,693 
Walker,A.  F.,  113 
Walker,  Mr.,  761,  764,  767 
Wall  and  column  footings,  uncertainty  of 

tests  of,  503 

—  at  Puget  Sound  Navy  Yard,  597 

—  footings,  496 

,  principles  of  beam  action  applica- 
ble to,  494 

—  forms,  removing,  687 

Walls  for  railway  cuttings,  formula  for,  503 
— ,  surcharged,  508 
Ward.  W.  H.,  387 
Warrington-Nasmyth  steam  pile-hammer, 

62 
Wash  borings,  193 
Water  and  puddle  pressure,  110 

—  between  dam  and  foundation,  prevent- 


S79 

—  earthen   dams   for  eiccluding,   eariiest 
known,  13 

— ,  formula  for  pressure  of,  504 

—  jets  for  sinking  piles,  9iff,  117,  133,  143, 
191,201,695,708 

— ,    number    of    pump    revolutions,     to- 

raise  to  different  heights,  300 
— ,  piling  in  (resh  and  salt,  565,  579 

—  pressure  against  coffer-dam  sides,   1 1  o 
and  cement  joints,  165 

—  ■ —  formula,  no,  504 

— ,  saw  for  cutting  off  piles  under,  14,  139 

—  system  dam,  Tacoma,  mistake  in  origiaal 
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